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T his  d i s s e r t a t i o n  i n v e s t i g a t e d  (1) any r e l a t i o n s h i p  
between re a d in g  and word p e rc e p t io n  and (2) word frequency , 
c o n te x t ,  and i n t e r n a l  redundancy a s  they  r e l a t e  t o  models of 
word p e rc e p t io n .
The logogen model (Horton, 1969) i s  a system which 
in v o lv e s  word r e c e p to r s  ( lo g o g en s) . The w ord-frequency 
e f f e c t  r e s u l t s  from d i f f e r e n t  th r e s h o ld s  o f th e  r e c e p to r s ;  
c o n te x tu a l  in fo rm a tio n  i s  e f f e c t i v e  v ia  some u n sp e c i f ie d  
mechanism. I t  in v o lv e s  no e x e c u tiv e  r o u t in e ,  no s p e c i f i c  
o rg a n iz a t io n ,  and i s  com plete ly  p a s s iv e .  The ” s p a g h e t t i ” 
model was designed  in d ep en d en tly  by th e  a u th o r ,  though i t  i s  
q u i t e  s i m i l a r  t o  Becker*s (1976) v e r i f i c a t i o n  model. I t  i s  
b u i l t  on th e  logogen model b u t  in  a d d i t io n  c o n ta in s  an 
ex ec u tiv e  ro u t in e  to  p rovide  v e r i f i c a t i o n .  The 
l e x i c a l - s e a r c h  model ( F o r s te r ,  1976) c o n ta in s  a le x ic o n  
o rgan ized  h i e r a r c h i c a l l y ,  f i r s t  by v i s u a l  f e a t u r e s  and then
viii
by freg u en cy . The le x ic o n  i s  searched  in  s e r i a l  fa sh io n  
once th e  se a rc h  s e t  has been l im i te d  by p a r t i a l  senso ry  
a n a ly s i s .
In th e  p re s e n t  s tu d y  s u b j e c t s  were f i r s t  g iven  rea d in g  
t e s t s  and then  they  p a r t i c i p a t e d  in  experim en ts  in v o lv in g
(1) o r a l  re a d in g  o f  m eaningful vs . non-m eaningful passages*
(2) naming o f words preceded by v a r io u s  l e v e l  o f  c o n te x t ,  
and (3) t a c h i s t c s c o p i c  r e c o g n i t io n  of words va ry in g  in  word 
freguency  and average  digram fregu ency .
The first experiment showed meaning increased reading 
speed even when subjects were reading at their fastest 
rates. This result supports the possibility that context is 
used at a perceptual level in normal reading.
The second experim ent showed more d i r e c t l y  t h a t  c o n te x t  
can a id  p e rc e p t io n .  Words preceded by th e  h ig h e s t  l e v e l  o f  
c o n te x t  produced a 150-msec r e a c t io n - t im e  (RT) advantage  
over th e  n o -c o n te x t  c o n d i t io n .  The middle l e v e l  produced a 
67 msec advan tage , w hile  th e  low est l e v e l  produced no 
s i g n i f i c a n t  advan tage . These r e s u l t s  supported  a 
p e rc e p tu a l-g u e s s in g  h y p o th e s is .  The s p a g h e t t i  model can 
accommodate th e s e  r e s u l t s  th rough  i t s  c o n te x t  system , though 
th e  mechanism i s  u n s p e c i f i e d .  The l e x i c a l - s e a r c h  model 
would have to  be extended to  accoun t f o r  th e  u se fu ln e s s  o f  
c o n te x t  a t  th e  p e rc e p tu a l  l e v e l .
An e m p ir ic a l  a n a ly s i s  u s ing  F re d e r ik se n  and K r o l l ' s  
(1976) RT d a ta  dem onstra ted  t h a t  th e  l e x i c a l - s e a r c h  model 
c o r r e c t l y  p r e d ic te d  t h a t  th e  r e l a t i o n s h i p  between word
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freguency  and RT should  be somewhere between lo g a r i th m ic  and 
e x p o n e n t ia l .  The s p a g h e t t i  model i s  in c a p a b le  o f  making any 
q u a n t i t a t i v e  p r e d i c t i o n s  reg a rd in g  th e  word-frequency 
e f f e c t .  The s p a g h e t t i  model could not be d isp ro v ed , b u t  the  
l e x i c a l - s e a r c h  model was p r e f e r r e d  because of i t s  g r e a t e r  
s p e c i f i c i t y .
The t h i r d  experim ent suggested  a r a t h e r  complex 
r e l a t i o n s h i p  between word frequency , i n t e r n a l  redundancy and 
word le n g th .  F i v e - l e t t e r  words were more e a s i l y  pe rce ived  
than  e i t h e r  f o u r -  o r  s i x - l e t t e r  words. Two f a c t o r s  appeared 
to  be o p e ra t in g :  s h o r t e r  words were e a s i e r  t o  p e rc e iv e ;
lo n g e r  words were l e s s  s u b je c t  t o  i n t e r f e r e n c e  from o th e r ,  
s i m i l a r  words. F i v e - l e t t e r  words a p p a re n t ly  a r e  not too 
long and no t too  s u b je c t  to  i n t e r f e r e n c e .
There was a s i g n i f i c a n t ,  p o s i t iv e  r e l a t i o n s h i p  between 
perform ance on a l l  t h r e e  experim ents  and one index  of 
rea d in g  a b i l i t y .  There was no in d ic a t io n  t h a t  b e t t e r  
r e a d e r s  were more a b le  to  use c o n te x t  t o  p e rc e iv e  words; 
r a t h e r  t h e i r  advantage  was a t  th e  l e v e l  of s ing le-w ord  
p e rc e p t io n .  The r e l a t i o n h i p  t h a t  e x is te d  was s i g n i f i c a n t  
only when p e rc e p t io n  sc o re s  were c o r r e l a t e d  with re a d in g  
speed on one long passage  read  a t  normal read in g  r a t e s .  The 
"speed" sc o re  o f th e  more s ta n d a rd  Davis t e s t  c o r r e l a t e d  to  
a much l e s s e r  degree .
CHAPTER I
INTRODUCTION
Reading i s  u s u a l ly  d e f in e d  a s  th e  p ro cess  of e x t r a c t in g  
meaning from w r i t te n  t e x t .  P s y c h o lo g is ts  in  r e c e n t  y ea rs  
have pu t a g re a t  deal o f e f f o r t  i n t o  th e  s tu d y  o f  word 
p e rc e p t io n .  The d e f i n i t i o n  o f word p e rc e p t io n  i s  u s u a l ly  
s p e c i f i e d  by th e  ta s k :  e . g . ,  tim e re q u ire d  t o  say  a word,
minimal d u ra t io n  n e c e ssa ry  to  reco g n ize  a word, e t c .  There 
i s  no mention o f  "meaning" in  any o f  th e se  o p e ra t io n a l  
d e f i n i t i o n s  of word p e rc e p t io n .  Word p e rc e p t io n  s t u d i e s  
r e p r e s e n t ,  a t  most, only p a r t  of th e  p rocess  o f  r e a d in g .  In  
f a c t ,  some word p e rc e p t io n  t a s k s  may d i f f e r  so much from 
normal re a d in g  t h a t  th e r e  may be l i t t l e  o r no o v e r la p  
between th e  two. While one o b je c t iv e  o f  t h i s  d i s s e r t a t i o n  
i s  an e m p ir ic a l  and t h e o r e t i c a l  i n v e s t ig a t io n  o f  th e  r o l e  of 
v a r io u s  f a c t o r s  in  word p e rc e p t io n ,  a n o th e r  i s  an 
i n v e s t i g a t i o n  of th e  r e l a t i o n s h i p  ( i f  any) between word 
p e rc e p t io n  and normal re a d in g .
Among th e  f a c t o r s  t h a t  could  in f lu e n c e  how q u ick ly  o r  
e a s i l y  a word can be p e rc e iv e d  a re :  (1) th e  amount o f
c o n te x tu a l  in fo rm a tio n  t h a t  can be b rough t to  bear  on t h a t  
word, (2) how common th e  word i s  (more t e c h n i c a l l y ,  th e  
frequency with which i t  has been used in  w r i t te n  t e x t ) ,  and
1
2(3) some measure o f in tra -w o rd  redundancy. The f i r s t  two 
f a c t o r s  a re  e s s e n t i a l l y  s e l f - e x p la n a to r y ;  th e  t h i r d  i s  n o t .  
The e s s e n t i a l  f a c t  w ith  r e s p e c t  t o  th e  t h i r d  f a c t o r  i s  t h a t  
th e  number of words in  any one language i s  only  a sm all
su b s e t  o f th e  number of l e t t e r  s t r i n g s ,  even i f  the  le n g th
i s  he ld  re a so n a b ly  sm a ll .  For example, th e  number o f  
d i f f e r e n t  com binations o f f i v e  l e t t e r  s t r i n g s  i s  over 11 
m i l l io n .  The d i s p a r i t y  between th e  number of p o s s ib le  and 
a c tu a l  words r e s u l t s  because some l e t t e r  com binations never 
occur and some occur more f r e q u e n t ly  than  o th e r s .
n Redundancy11 i s  a t e c h n ic a l  term which im p l ie s  t h a t
knowledge o f  the  r e g u l a r i t i e s  o f  l e t t e r  com binations can 
reduce  th e  u n c e r ta in ty  o f  what l e t t e r s  rem ain in  a word 
a f t e r  some have been p e rc e iv e d .  A word w ith  e i t h e r  common
l e t t e r  com bina tions  o r  h ig h ly  p r e d ic ta b le  l e t t e r s  given th e  
p reced in g  s t r i n g  would tend  t o  have a high degree o f 
i n t e r n a l  redundancy and could be more e a s i l y  p e rce iv ed  th an  
some o th e r  word.
Of th e  t h r e e  above f a c t o r s ,  word frequency  has been the 
one most commonly s tu d ie d .  One of th e  e a r l i e s t  paradigms to  
dem onstra te  frequency  e f f e c t s  i s  th e  p e rc ep tio n  o f  b r i e f l y  
(1.0 -  50 msec) p re se n te d  words ( C a t t e l l ,  1886/1947). In  
t h i s  type  o f  study  th e  dependent v a r i a b le  g e n e ra l ly  has been 
e i t h e r  the  average th re s h o ld  f o r  c o r r e c t  p e rc e p t io n  o r  th e  
p e rc en ta g e  o f  words c o r r e c t l y  re p o r te d  a t  some f ix e d  
d u ra t io n .  Almost a l l  o th e r  paradigms t h a t  show g r e a t e r  
p e r c e p t i b i l i t y  f o r  common words invo lve  r e a c t i o n  time (RT)
3a s  th e  dependent v a r i a b le :  RT to  say th e  word, ET to  d e c id e
w hether two words a r e  the  same, RT to  dec id e  whether a 
s t im u lu s  i s  a word o r  a non-word ( l e x i c a l  d e c i s i o n ) , and RT 
to  decide  whether a word i s  a member of a p a r t i c u l a r  
c a teg o ry  (sem antic  d e c i s i o n ) .
While th e  frequency  e f f e c t  ( e .g .  " s t r a n g e "  can be 
named more q u ic k ly  th an  " f la n g e " )  i s  q u i te  ro b u s t  and 
u n s u rp r i s in g ,  i t s  t h e o r e t i c a l  e x p la n a t io n  i s  no t  im m edia te ly  
a p p a re n t .  Simple guess ing  i s  u n l ik e ly  to  speed p e rc e p t io n ,  
s in c e  even th e  most common words (exc lud ing  " t h e , "  " a , "  
" i t ; "  "an d ,"  e t c . )  have a p r o b a b i l i t y  of occu rrence  of only  
one in  a th cu sand . One model su g g e s ts  l e x i c a l  memory i s  
o rgan ized  p a r t i a l l y  on th e  b a s i s  o f word f req u en cy , a n o th e r  
p roposes word d e te c to r s  whose th r e s h o ld s  a r e  i n v e r s e ly  
r e l a t e d  t o  word freq u en cy . These models, and t h e i r  
im p l i c a t io n s  in  term s o f  th e  freguency e f f e c t ,  a r e  analyzed  
l a t e r .
C ontex t can be d e f in e d  as  any in fo rm a tio n  about some 
p e rc e p tu a l  u n i t  t h a t  comes from a source  o u ts id e  t h a t  u n i t .  
The e f f e c t  o f  c o n te x t  has been most c l e a r l y  dem onstra ted  
w ith  b r i e f  ( ta c h is to s c o p ic )  p r e s e n ta t i o n s .  Tulv ing  and Gold 
(1963) p re se n te d  such se n te n c e s  a s  "Three people  were k i l l e d
in  a t e r r i b l e  highway ------------------ , "  p r i o r  to  th e  b r i e f l y
exposed word " c o l l i s i o n . "  The e f f e c t  o f  c o n te x t  was to  
g r e a t ly  reduce th e  d u ra t io n  re g u i r e d  to  see  th e  word. Two 
measures o f  l e v e l  o f c o n te x t  were looked a t :  c o n g ru i ty
(C)>— simply th e  p ro p o r t io n  of people f i l l i n g  in  t h a t
4p a r t i c u l a r  word when g iven th e  p reced in g  se n te n c e ,  and 
in fo rm a tio n  c o n te n t  ( I ) — r e l a t e d  to  th e  number o f  o th e r  
p o s s ib le  words t h a t  had been used t o  com plete  th e  se n te n c e .  
C accounted  f o r  much more v a r ia n ce  th an  I .  T h is  r e s u l t  
l e a d s  one to  su sp e c t  t h a t  s im ple  guessing  could  be th e  so le  
e x p la n a t io n  h e re ;  i . e . ,  i f  a person g u esse s  c o r r e c t l y ,  only  
a sm a ll  amount of sen so ry  d a ta  i s  needed to  confirm  th e  
g u ess .  I f  th e  guessing  e x p la n a t io n  i s  c o r r e c t ,  c o n te x t  in  
t h i s  case  would be o p e ra t in g  a t  more o f  a c o g n i t iv e  than a 
p e rc e p tu a l  l e v e l .  One o f the  g u e s t io n s  which was 
i n v e s t i g a t e d  was whether t h e r e  was any evidence f o r  a 
p e rc e p tu a l  lo cu s  of th e  c o n te x t  e f f e c t .
In t ra -w o rd  redundancy has been th e  l e a s t  w e l l - s tu d ie d  
o f  th e  t h r e e  f a c t o r s .  Broadbent and Gregory (1968) rep o r te d  
an e f f e c t  t h a t  was th e  o p p o s i te  o f  what would be ex p ec te d ,  
but exp la in ed  i t  in  te rm s o f  an unavoidab le  confound between 
m easures o f  i n t e r n a l  redundancy and th e  number o f d i f f e r e n t  
words in  th e  p e rc e p tu a l  "neighborhood" of th e  s t im u lu s .  
Garner (1974) has c la im ed  t h a t  in t ra -w c rd  redundancy e f f e c t s  
a re  ex trem ely  hard  t o  o b ta in ,  p a r t i c u l a r l y  w ith  a paradigm 
t h a t  in v o lv e s  a speeded re sp o n se , a lthough  Rice and Robinson 
(1975) were a b le  t c  r e p l i c a t e  Broadbent and G reg o ry 's  b a s ic  
r e s u l t ,  u s ing  a l e x i c a l  ( i . e .  word/non-word) d e c is io n  t a s k .
Relationship of Word Perception Studies to Reading
There a re  two ways to  a t t a c k  th e  problem of r e l a t i n g  
w ord -pe rcep tion  s t u d i e s  to  r e a d in g :  t o  design  s tu d ie s  t h a t
a re  more c lo s e ly  r e l a t e d  to  re a d in g  o r  to  see what ty p e s  o f
5w o rd -pe rcep tion  t a s k s  d i s c r im in a te  between good and poor 
r e a d e r s .
F ish e r  (1975) used a ta rg e t-w o rd  se a rc h  ta s k  where 
words were embedded in  normal p a rag rap h s . In  one experim ent 
th e  expec tancy  of the  word was a l t e r e d  by p re d e f in in g  i t .  
For example, th e  word " s in k ” may have appeared  in  a 
paragraph  in  th e  c o n te x t  “t r o p i c a l  c o u n t r i e s  s in k , "  and have 
been p re d e f in e d  a s  e i t h e r  " to  s in k "  o r  " k i tc h e n  s i n k . "  
O v e r a l l ,  th o s e  words whose use in  th e  paragraph  was 
congruen t w ith th e  p r e d e f i n i t i o n  were d e te c te d  1.9 seconds 
more g u ic k ly  than  th o se  t h a t  were n o t .  I n  a n o th e r  
experim ent no p r e d e f i n i t i o n s  were g iven , but expectancy  was 
a l t e r e d  when th e  t a r g e t  word was e i t h e r  con g ruen t o r  
in co n g ru en t with the  r e s t  of th e  p a rag rap h . For example, 
th e  paragraph  may have c o n ta in e d  " . . .  t h e i r  p a lace  was 
guarded . . . " i n  th e  p r e d i c ta b l e  c o n d i t io n  and " . . .
t h e i r  a f fo r d  was guarded . . . " i n  th e  u n p re d ic ta b le ,
where "p a la c e "  and " a f fo r d "  were th e  t a r g e t s ,  r e s p e c t iv e ly .  
P re d ic te d  t a r g e t s  were d e te c te d  about 2.1 seconds more 
q u ick ly  th an  th e  u n p re d ic te d .
These d i f f e r e n c e s  of abou t 2 seconds a re  f a r  g r e a t e r  
than  can be accounted f o r  by p e rc e p tu a l  p ro ce sse s  a lo n e .  
Quite p o s s ib ly  most, i f  no t a l l ,  o f  th e  e f f e c t  was due to  
some response  p ro cess— perhaps  u n c e r ta in ty  on th e  p a r t  o f  
th e  s u b je c t s  a s  t o  whether t h e i r  proposed re sp o n se s  were the  
c o r r e c t  ones. There i s  no s t ro n g  ev idence  f o r  a p e rc e p tu a l  
lo c u s  o f c o n te x t  e f f e c t s ,  and th e r e  i s  even some ev idence
6a g a in s t  i t .  In  th e  experim ents  performed by F i s h e r ,  t h e r e  
were th r e e  k inds  of type (norm al, a l l  upper c a se ,  and 
a l t e r n a t i n g  cases) and t h r e e  k in d s  o f  sp ac in g  (normal, 
f i l l e d  with *3• or ' + ' ,  and a b s e n t ) .  I f  p r e d i c t a b i l i t y  has 
a p e rc e p tu a l  lo c u s ,  i t  would be expected  t o  i n t e r a c t  w ith  
ty pe  an d /o r  sp a c in g ,  both  of which were dem onstra ted  by 
F ish e r  t o  have an e f f e c t  on p e rc e p t io n .  I n  f a c t  no 
i n t e r a c t i o n s  were s i g n i f i c a n t  o th e r  th a n  th e  ty p e -b y -sp a c in g  
one.
G i lb e r t  (1959) compared good and poor re a d e rs  on a 
t a c h i s to s c o p ic - r e c o g n i t i o n  t a s k .  The t e s t  i tem s  were words 
or word p h ra s e s ,  vary ing  in  le n g th  from one to  f i v e .  
A c tu a l ly ,  s in c e  th e  s m a l le s t  p r e s e n ta t io n  d u ra t io n  used was 
83 msec, t h e r e  were few e r r o r s  f o r  s in g le -w c rd  and two-word 
i te m s . F u rtherm ore , while good r e a d e r s  performed b e t t e r  
o v e r a l l  th a n  poor r e a d e r s ,  th e  d a ta  f o r  good vs. poor 
re a d e rs  were not broken down by number o f words per i tem . 
I t  i s  im p o ss ib le  to  know whether good re a d e rs  were b e t t e r  a t  
p e rc e iv in g  s in g le  words o r  on ly  b e t t e r  on word p h rases  where 
they  could tak e  advantage  o f  in te r -w o rd  redundancy.
Jackson and McClelland (1975) compared good and poor 
r e a d e r s  on a v a r i e ty  o f  p e rc e p tu a l  t a s k s .  There were no 
d i f f e r e n c e s  in  d u ra t io n  th r e s h o ld s  f o r  fo v e a l  s i n g l e - l e t t e r  
i d e n t i f i c a t i o n  o r  p e r ip h e r a l  t w o - l e t t e r  i d e n t i f i c a t i o n .  
There were d i f f e r e n c e s  on th e  a b i l i t y  to  r e p o r t  e ig h t  
u n re la te d  l e t t e r s ,  s im u ltan eo u s ly  p re s e n te d  on a 
t a c h i s to s c o p e ,  and on th e  a b i l i t y  t o  perform a fo rc e d -c h o ic e
7t a s k  in  which whole se n te n c e s  were p resen ted  f o r  200 msec. 
For example, th e  sen tence  "Kevin f i r e d  a new w orker,"  was 
p re se n te d  f o r  200 msec, and then  th e  s u b je c t s  were p re sen te d  
with "Kevin f i r e d / h i r e d  a new w orker,"  and were asked to  
mark th e  c o r r e c t  word.
Note t h a t  only th e  fo rc e d -c h o ic e  t e s t ,  s in c e  i t  d id  not 
r e q u i r e  r e c a l l ,  was l i k e l y  t o  r e f l e c t  a d i f f e r e n c e  in
p e rc e p tu a l  a b i l i t y  between good and poor r e a d e r s ;  th e  
d i f f e r e n c e  in  th e  u n r e l a t e d - l e t t e r s  t a s k  could  j u s t  a s  
e a s i l y  have been due to  recod ing  in  memory. The 
fo rc e d -c h o ic e  t e s t  re q u ire d  s e q u e n t ia l  p ro c e ss in g — a
h i g h e r - l e v e l  p ro c e ss .  These r e s u l t s  do not p o in t  s t ro n g ly
to  any lo w e r - le v e l  d i f f e r e n c e  between good and poor r e a d e r s .
Severa l s t u d i e s  (Katz B Wicklund, 1971, 1972; L e s l i e  6 
C a lfe e ,  1971) dem onstra te  no d i f f e r e n c e  between good and 
poor re a d e rs  on th e  l e s s  c o g n i t iv e  a s p e c ts  o f  r e a d in g ,  a s  
evidenced by su b je c ts*  perform ance on w ord-search t a s k s .  
The im p l ic a t io n  i s  t h a t  word sea rch  i s  not re a d in g .
There i s  ev idence  both f o r  and a g a in s t  a r e l a t i o n s h i p  
between rea d in g  and p e rc e p tu a l  a b i l i t y .  In  view o f  th e  wide 
v a r i e ty  o f  d i f f e r e n t  t a s k s  employed, however, th e  r e s u l t s  
need n o t  be viewed as c o n t r a d ic to r y .  But, i f  th e re  i s  a
r e l a t i o n s h i p  between read in g  and p e rc e p tu a l  a b i l i t y ,  t h e r e  
i s  need f o r  sh a rp e r  s p e c i f i c a t i o n .
CHAPTER II
THEORETICAL PERSPECTIVE
Models o f  re a d in g  a re  seldom com plete . Some emphasize 
l o w e r - le v e l  p ro c e sse s  ( f e a tu re  e x t r a c t i o n ,  p e rc e p tu a l  u n i t s ,  
e t c . ) , w hile  o th e r s  emphasize h ig h e r - l e v e l  p ro ce sse s  
( l e x i c a l  r e t r i e v a l ,  memory o r g a n iz a t io n ,  e t c . ) .  As a 
r e s u l t ,  models a re  o f te n  d i f f i c u l t  to  compare and c o n t r a s t ,  
and d i f f e r e n t  models may well be co m pa tib le .  S ince th e  
c u r r e n t  scope o f  i n t e r e s t  i s  c o n te x t  and freguency  e f f e c t s ,  
t h e  model being  proposed here  em phasizes h ig h e r - l e v e l  
p ro c e sse s .  I t  w i l l  be compared and c o n t r a s t e d  to  th e  work 
o f F o r s te r  (1976) and Horton (1969).
The Le x ic a l -S e a rc h  Model 
F o r s t e r ' s  l e x i c a l - s e a r c h  model (F igure  1) i s  one o f  
s e v e r a l  which combine a s t r u c tu r e d  memory with a 
s e r i a l - s e a r c h  p ro cess  f o r  "primary r e c o g n i t io n .  As shown in  
F igu re  1, th e  model c o n s i s t s  o f computing a b in number ( i . e .  
approxim ate  lo c a t io n  in  memory) and then  se a rc h in g  the  b in  
u n t i l  a match i s  made. The b in  system c o n s t i t u t e s  th e  
m aste r f i l e .  A f te r  th e  match i s  made in  th e  m aster f i l e ,  
th e  a p p ro p r ia te  p e r ip h e r a l  f i l e  can be accessed  d i r e c t l y .  
A l t e r n a t i v e ly ,  one can go from one p e r ip h e r a l  f i l e  to  





















Figure 1. The Lexical-Search Model (adapted from Forster, 1976).
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While each bin i s  i n t e r n a l l y  organ ized  by freguency  
with words i n  descending o rd e r ,  F o r s te r  does n o t  c laim  to  
know how th e  b in  system i s  a rra n g ed . He has t e n t a t i v e l y  
suggested  t h a t  i t  i s  o rg an ized  by i n i t i a l  and f i n a l  
l e t t e r — i . e . ,  a l l  words in  a p a r t i c u l a r  b in  sh a re  th e  same 
f i r s t  and l a s t  l e t t e r .
The frequency  e f f e c t  ( i . e .  h ig h e r  freguency  words a re  
named more gu ick ly ) i s  a r e s u l t  of th e  s e r i a l  se a rc h  th rough  
th e  b in .  The problem i s  t h a t  th e  c a u sa l  f a c t o r  should  not 
be th e  a b s o lu te  frequency  of th e  word in  th e  language , b u t  
r a t h e r  th e  freguency  o f the  word r e l a t i v e  to  th e  o th e r  words 
in  th e  b in ,  o r  even b e t t e r ,  i t s  ra n k . Of c o u rse ,  no t 
knowing th e  e x a c t  s t r u c t u r e  o f  th e  b in  system means no t  
knowing th e  rank  o f  a g iven word. However, what can be 
computed in d ep en den tly  o f  th e  p a r t i c u l a r  s t r u c t u r e ,  i s  the  
c o r r e l a t i o n  between rank  and a b s o lu te  frequency f o r  a b in  
system of a r b i t r a r y  o rg a n iz a t io n  and a g iven  average bin 
s i z e .  I t  w i l l  be shown how l a r g e  th e  average  b in  would have 
to  be in  o rd e r  f o r  th e  r e l a t i o n  to  be consonant with th e  
magnitude o f  the  o b ta in ed  freg uency  e f f e c t .
A f i n a l  o b je c t io n  t o  th e  F o r s te r  model in v o lv e s  th e  
r o l e  o f  c o n te x t .  As F o r s te r  has emphasized, th e  b in - s e a rc h  
model i s  no t  com patib le  with th e  n o tio n  t h a t  c o n te x t  red u ces  
th e  sea rch  s e t  p r i o r  to  l e x i c a l  a c c e s s .  I n  o rd e r  to  
accom plish  t h i s  f e a t ,  th e  b in s  would have to  be s e m a n t ic a l ly  
o rg an iz ed ,  b u t ,  a s  F o r s te r  p o in ts  o u t ,  t h i s  would le a d  to  
th e  in v a l id  p r e d ic t io n  o f  no frequency  e f f e c t  when words a re
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p resen ted  in  i s o l a t i o n .  He d id  a llow  f o r  th e  use o f  a 
p e r ip h e r a l  a c c e ss  f i l e  to  be th e  v e h ic le  o f th e  c o n te x t  
e f f e c t ,  bu t only when th e  c o n te x t  c o n ta in s  an a s s o c i a t e  of 
th e  word. I f  th e  c o n te x t  i s  of th e  form, "The l i t t l e  boy
f e l l  o f f  t h e ------------,"  then th e r e  i s  no s i n g l e  word t h a t  can
serve  as th e  key to  a ccess  "dock” o r  " p i e r . ” F o r s t e r  
concluded t h a t  c o n te x t  i s  n o t  e f f e c t i v e  u n le s s  th e  s t im u lu s  
i s  degraded and th e  response  does n o t  have t o  be execu ted  
r a p id ly .  When c o n te x t  i s  e f f e c t i v e ,  a s  in  the  
tach is to scop ic -> -reco gn it ion  experim ents  of Tulving and Gold 
(1963), i t  i s  v ia  the  slow er p roduction  a p p a ra tu s .  By
'•production  a p p a r a tu s ,"  F o r s te r  presumably means something 
ak in  to  g u e ss in g ,  though speeded , o n - l in e  guess ing  (G a r r e t t ,  
1976) in  c o n t r a s t  to  th e  type  of co nsc ious  guess ing  t h a t  may 
occur with t a c h i s to s c o p ic  p e rc e p t io n .  F o r s t e r ' s  s u r p r i s in g  
cla im  o f  no c o n te x t  e f f e c t  was supported  in  an experim ent he 
performed ( F o r s te r ,  1976). The ta s k  was to  name th e  f i n a l  
word i n  s e n te n c e s ,  where th e  se n ten c es  were e i t h e r
m eaningful o r non-m eaningfu l. For example:
1. The fam ily  enjoyed th e  p ic n ic  among th e  t r e e s .
2. The fam ily  enjoyed th e  p ic n ic  among th e  t e e t h .
The r e s u l t s  showed no s i g n i f i c a n t  d i f f e r e n c e  between 
u s e fu l  and u s e le s s  c o n te x t  in  th e  tim e r e q u i r e d  t o  name
words. While t h i s  r e s u l t  i s  s u r p r i s i n g ,  i t  i s  u n fo r tu n a te  
t h a t  c o n d i t io n s  were no t o p tim a l f o r  producing a c o n te x t
e f f e c t .  Both ty p e s  of se n te n c e s  were p re sen te d  to  each
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s u b je c t  in te rm in g le d ,  so t h a t  s u b je c t s  may w ell have been 
le d  to  expec t th e  unexpec ted . This lack  of op tim al 
c o n d i t io n s  i s  e s p e c i a l l y  im p o rtan t  c o n s id e r in g  t h a t  a l l  RT 
d i f f e r e n c e s ,  while no t  s i g n i f i c a n t ,  were in  th e  d i r e c t i o n  o f  
c o n te x t  having an e f f e c t .  I t  i s  a l s o  n o t  c l e a r  what 
p ro p o r t io n  o f se n ten c es  were o f  th e  ty p e  where c o n te x t  was 
v i r t u a l l y  100% e f f e c t i v e —e . g .  "George Washington never
t o l d  a ---- . "  F o r s te r  would have to  p r e d ic t  no e f f e c t  even
f o r  t h i s  case  a s  long a s  th e  s t im u lu s  d u ra t io n  was above 100 
msec.
The c o n te x t  d id  prove e f f e c t i v e  when th e  s t im u lu s  
d u ra t io n  was reduced t o  83 msec (one frame a t  12 frames per 
se co n d ) . F o r s t e r ' s  e x p la n a t io n  f o r  t h i s  r e s u l t  was t h a t  th e  
p ro cess in g  of c o n te x t  in v o lv e s  th e  p ro d u c tio n  system , which 
ta k e s  more tim e th an  th e  s e n s o ry - a n a ly s i s  system , but h is  
own r e s u l t s  weaken t h i s  e x p la n a t io n .  O v e ra l l  RT's were on ly  
50 msec slow er when th e  s t im u lu s  d u ra t io n  was reduced to  83 
msec. At t h i s  d u ra t io n  th e  e f f e c t  o f c o n te x t  was 64 msec, 
and th e  s t i m u l i  w ith  c o n te x t  and 83 msec d u ra t io n s  took only  
18 msec lo n g e r  t o  p ro ce ss  than  s t i m u l i  a t  lo n g er  d u ra t io n s .  
Furtherm ore , F o r s te r  d id  no t r e p o r t  an i n t e r a c t i o n  between 
p r e s e n ta t io n  r a t e  o f the words i n  th e  sen ten ce  and c o n te x t .  
I f  c o n te x t  ta k e s  lo n g e r  to  p ro c e s s ,  th e  slow er r a t e s  of one 
word per second shou ld  have y ie ld e d  th e  e f f e c t .
Why then did context effects only show up at reduced 
durations? One plausible answer is that readers can decide, 
consciously or unconsciously, how much weight should be put
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on c o n te x tu a l  in fo rm a t io n .  As th e  sen so ry  d a ta  becomes l e s s  
r e l i a b l e ,  th e  c o n te x t  i s  r e l i e d  on more h e a v i ly .  One 
d i f f e r e n c e  between c o n te x t  and frequency  would be t h a t  
c o n te x t  i s  l e s s  " h a rd -w ire d ."
The Logogen Model
M orton 's  (1969) logogen model (F igure  2) i s  one of the 
few non-m ediated o r  p a s s iv e  models t h a t  have been 
proposed—i . e . ,  i t  r e q u i r e s  no homunculus o r  " e x e c u t iv e " 
r o u t in e .  The logogen can be th o u g h t  of a s  an e n t r y  in  th e  
le x ic o n —a s o r t  o f  h ig h e r - o r d e r  demon ( S e l f r i d g e ,  1959). 
I t s  normal s t a t e  i s  i n a c t i v e ,  bu t  i t  can be e x c i te d  by both 
th e  s t im u lu s  and th e  c o n te x t .  I f  t h e r e  i s  enough
e x c i t a t i o n ,  th e  logogen w i l l  reach  th r e s h o ld  and the  word 
w i l l  be re c o g n iz e d .  The r o l e  of th e  frequency  of the word 
in  th e  language i s  t o  low er th e  th re s h o ld  of the  
co rrespo nd in g  logogen. S ince  th e r e  a re  no s e r i a l  p ro cesses  
invo lved  in  t h i s  model, t h e r e  i s  no need f o r  any s p e c i a l  
o rg a n iz a t io n  o f  memory.
The logogen model i s  c ap ab le  o f  making q u a n t i t a t i v e  
p r e d ic t io n s  a b cu t  th e  r e s u l t s  of t a c h i s to s c o p ic - r e c o g n i t i o n  
exp erim en ts .  I t  does q u i t e  w e ll  a t  p r e d i c t i n g  th e  e f f e c t s  
o f  word f req u en cy , c o n te x t ,  s e t  s i z e ,  su c c e ss iv e
p r e s e n t a t i o n s ,  and many o f  th e  i n t e r a c t i o n s .  However, s in c e  
i t  i s  a th r e s h o ld  model, t h e  logogen system i s  n a tu r a l l y  
g iven  to  p r e d ic t in g  th re s h o ld  e f f e c t s  under t a c h i s to s c o p ic  
p r e s e n t a t i o n .  I t  makes no q u a n t i t a t i v e  p r e d i c t i o n s  f o r  the  














1  ^ Loop
Figure 2. The Logogen System (adapted from Morton, 1969).
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i d e n t i f i c a t i o n ,  l e x i c a l  d ec is io n )  t h a t  have f lo u r i s h e d  i n  
th e  l i t e r a t u r e  du ring  the  l a s t  f i v e  t o  te n  y e a r s .  I t  i s  no t  
even c l e a r  what q u a l i t a t i v e  p r e d i c t i o n s  th e  model could 
make.
One s p e c i f i c  example i s  the  word-frequency e f f e c t  in  a 
naming ta s k  (F red e r ik sen  5 K r o l l ,  1975). More f r e q u e n t  
words a re  named more q u ic k ly  than  l e s s  f r e q u e n t  words. The
only way th e  logogen model cou ld  account f o r  t h i s  r e s u l t
w ithout having to  undergo m o d if ic a t io n s  would be to  assume 
t h a t  s in c e  th e  th r e s h o ld s  f o r  th e s e  words i s  low er, th e  
th re s h o ld  would be reached  sooner and th e  respo nse  execu ted  
more r a p i d l y .  This approach may appear re a s o n a b le ,  b u t  i t  
has problems. S p e c i f i c a l ly ,  i t  im p l ie s  t h a t  a re sp o n se  i s  
execu ted  as  soon as  a logogen rea ch e s  t h r e s h o ld ,  w itho u t 
w a itin g  f o r  a l l  th e  "ev idence” to  be in .  T h is  s t a t e  of 
a f f a i r s  would appear to  le a d  t o  many e r r o r s  when th e  c o n te x t  
and a p r i o r i  p r o b a b i l i t y  based on word frequency  a re
c o n t r a d ic to ry .  For example, in  th e  se n te n c e ,  "T h is  union of
s t a t e s  s h a l l  remain i n d i v i s i b l e . "  i f  r e a d e r s  do n o t  w ait  f o r  
th e  c o n te x tu a l  in fo rm a tio n ,  th ey  would probably  be a s  l i k e l y  
to  say " i n v i s i b l e "  a s  " i n d i v i s i b l e . "  In f a c t ,  such 
experim en ts  a re  c a r r i e d  ou t a t  c lo s e  t o  100% c o r r e c t  
responding  ( F o r s te r ,  1976). I t  i s  u n l ik e ly  t h a t  merely 
a d ju s t in g  the  th re s h o ld  could  so lve  th e  problem, s in c e  t h i s  
would le a d  to  th e  i n e v i t a b l e  t r a d e - o f f  between Type I  and 
Type I I  e r r o r s .
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Another c r i t i c i s m  of th e  logogen model i s  t h a t  t h e  la c k  
of an e x e c u tiv e  r o u t in e  le a d s  to  an a l l - o r - n o n e  s t a t e  of 
a f f a i r s  on ta c h i s to s c o p ic  r e c o g n i t io n .  E i th e r  a logogen 
w i l l  r e a c h  th r e s h o ld  or i t  won*t. T his  makes i t  im p o ss ib le  
f o r  an o b se rv e r  t o  say WI  th in k  t h a t  I  saw th e  word * n i g h t , ' 
b u t  I  am no t s u r e . "  Even more d e v a s ta t in g  f o r  th e  model i s  
th e  s i t u a t i o n  where two o r  more logogens reach  th r e s h o ld  fo r  
th e  same s t im u lu s .  Any way o f  d e a l in g  w ith  t h i s  s i t u a t i o n  
would in v o lv e  some a d d i t i o n a l  s t e p s  to  decide  which logogen 
to  b e l i e v e — perhaps th e  f i r s t  one to  reach  th re s h o ld  or 
perhaps th e  one t h a t  goes the  h ig h e s t  above th r e s h o ld .  Or 
perhaps an e x ec u tiv e  would have to  i n i t i a t e  a recheck  or 
v e r i f i c a t i o n  p rocedure . The f i r s t  two s o lu t io n s  could  be 
handled by a sim ple  d e c is io n  r u l e ,  though even t h i s  would be 
an e x te n s io n  of th e  logogen model. As Horton (1969) s t a t e s ,  
" d e c is io n s  a re  only made w ith in  each logogen" (p. 167).
The l a s t  method i s  one t h a t  c l e a r l y  could y ie ld  th e  a lm ost 
p e r f e c t  respond ing  t h a t  i s  t y p i c a l  o f  RT experim en ts  and 
normal r e a d in g .
The Spag h e t t i  Model 
The two models d isc u sse d  th u s  f a r  d i f f e r  on two 
im p o rtan t  a s p e c t s .  The le x ic a l* s e a r c h  model r e q u i r e s  a 
h igh ly  s t r u c tu r e d  memory and an e x e c u tiv e  r o u t in e  t o  c a r ry  
o u t  th e  s e a rc h  ( i . e .  i s  a c t i v e ) .  The logogen model i s  
p a ss iv e  and does n o t r e q u i r e  a s t r u c tu r e d  memory. The 
proposed model i s  an amalgam o f  th e  two. As diagrammed in  
F igure  3, i t  s t a r t s  ou t  q u i te  s i m i l a r  t o  th e  logogen but has
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an a d d i t i o n a l  s t a g e  o f  re -c h e c k in g  th e  r e s u l t s — t h i s  s ta g e  
being  c a r r i e d  out by th e  e x e c u tiv e  r o u t in e .  The e x e c u tiv e  
se rv e s  t o  reduce  e r r o r s  by dec id in g  when two or more 
a l t e r n a t i v e s  a re  above th r e s h o ld .
One way to  v i s u a l i z e  t h i s  model i s  t o  l e t  one s t r a n d  o f  
uncooked s p a g h e t t i  r e p r e s e n t  each word. The s t r a n d s  w i l l  
d i f f e r  in  h e ig h t  as  a fu n c t io n  o f  th e  frequency  of the 
words. As a  wcrd i s  p re s e n te d ,  s t im u lu s  in fo rm a tio n  and any 
a v a i l a b l e  c o n te x tu a l  in fo rm a tio n  w i l l  r a i s e  a l l  p iec es  o f 
s p a g h e t t i  in  p ro p o r t io n  to  th e  re le v an c e  o f  th e  in fo rm a tio n  
t o  th e  word. The e x e c u tiv e  r o u t in e  merely " lo o k s"  a t  the  
pack, p ic k s  out th e  t a l l e s t  p ie c e ,  and compares i t  t o  the  
a c tu a l  s t im u lu s .  A match i s  e q u iv a le n t  to  p e rc e iv in g  th e  
word. I f  -there i s  no match, th e  nex t t a l l e s t  p iece  i s  
t r i e d ,  and so on. A fte r  a c e r t a i n  number of t r i e s ,  o r i f  no 
more p ie c e s  o f s p a g h e t t i  a re  above a c e r t a i n  h e ig h t ,  the  
e x e c u tiv e  g iv e s  up, which i s  tan tam ount t o  d e c id in g  t h a t  th e  
s t im u lu s  i s  not a word. I f  some a ttem pted  match had been 
c lo s e ,  th e  e x ec u tiv e  may dec ide  t h a t  th e  s t im u lu s  may have 
been X, b u t  i t  i s  n o t  su re .
G enera l sup po rt  f o r  t h i s  model comes from a b ia s  in  
fav o r  o f  analog vs. d i g i t a l  s im u la t io n s  of human 
p ro c e ss in g .  D ig i ta l  com puters, when th e y  a r e  cap ab le  of 
s im u la t in g  human f u n c t io n s ,  g e n e r a l ly  r e q u i r e  more tim e to  
perform th e  t a s k ,  even though e l e c t r i c a l  messages t r a v e r s e  
th e  " b ra in "  of a computer many o rd e rs  o f  magnitude f a s t e r  
than e le c t r o - c h e m ic a l  messages t r a v e l  around the  human
Context






























Figure A. The extended Spaghetti Model.
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b ra in .
S p e c i f ic  support  comes from th e  f a c t  t h a t  t h i s  model i s  
c ap ab le  o f  h an d lin g  th e  b a s ic  r e s u l t s  of freguency  and 
c o n te x t .
S ince  th e  s p a g h e t t i  model i s  an e l a b o r a t io n  of the 
logogen model, the  q u a n t i t a t i v e  p r e d i c t i o n s  made by Morton 
(1969) r e g a rd in g  t a c h i s to s c o p i c  exp erim en ts  a r e  s t i l l  v a l i d .  
Moreover, i t  i s  cap ab le  o f  e x p la in in g  BT e f f e c t s  of word
frequency . The f i r s t - c h o s e n ,  o r  t a l l e s t  p iece  of s p a g h e t t i  
i s  no t always th e  c o r r e c t  one; however, h ig h e r  frequency 
words a r e  r e p re s e n te d  by t a l l e r  p ie c e s  i n i t i a l l y  and a re  
hence more l i k e l y  to  be chosen f i r s t .
C o n tex t ,  l i k e  freq u en cy , i n c r e a s e s  th e  p r o b a b i l i t y  t h a t  
th e  e x e c u tiv e  r o u t in e  w i l l  t r y  o u t  th e  c o r r e c t  word f i r s t .  
C ontex t a t  a l l  l e v e l s  of p r e d i c t a b i l i t y  shou ld  decrease  ET. 
S ince  th e  q u a n t i t a t i v e  a s p e c t s  o f  t h i s  p a r t  o f  th e  model a re  
no t  known, however, i t  i s  n o t  c e r t a i n  whether a l l  l e v e l s  
w i l l  y i e ld  s i g n i f i c a n t  r e s u l t s .  When th e  c o n te x t  i s  100% 
p r e d i c t i v e ,  a c e i l i n g  w i l l  be rea ch e d , and th e  c o r r e c t  word
should  always be chosen f i r s t .  Under t h i s  c o n d i t io n  of
c o n te x t ,  th e  e f f e c t  o f  word frequency- shou ld  be minimal.
■j
There shou ld  be some i n t e r a c t i o n  between c o n te x t  and 
frequency  even though th ey  a re  independen t p ro c e sse s  because 
o f  t h i s  c e i l i n g  e f f e c t .  ( S t a t i s t i c a l  independence i s  .not
| e q u iv a le n t  t o  t h e o r e t i c a l  independence— Morton, 1969, p.
■'!
173.) There i s  no reason  to  p r e d i c t  an i n t e r a c t i o n  a t  l e v e l s




p r e d ic t  an i n t e r a c t i o n  between word frequency  and s t im u lu s  
d e g ra d a t io n ,  and none was o b ta in e d  in  th e  ex p erim en ta l  
r e s u l t s  of S ta n n e rs ,  J a s t r z e m b sk i ,  and Hestbrook (1975).
As s ta ted"  e a r l i e r ,  th e  s p a g h e t t i  model i s  no t  in te n d ed  
to  be a com plete model o f th e  re a d in g  p rocess .  Most 
im p o r ta n t ly ,  i t  does n o t  speak to  th e  i s s u e  o f  how sensory  
and c o n te x tu a l  in fo rm a tio n  i s  p ro cessed . Something shou ld  
be s a i d ,  hpwever, about th e  p ro ce ss in g  of non-words. I t  i s  
un den iab le  t h a t  p ronounceable— i . e .  o r th o g ra rp h ica lly
l e g a l —ncn-words behave d i f f e r e n t l y  than  i l l e g a l  non-words 
(see  Massaro, 1975, C hapter 7 ,  f o r  a r e v ie w ) .  Onder some 
c o n d i t io n s  a t  l e a s t ,  p ronounceable  non-words behave no 
d i f f e r e n t l y  th an  words (Baron & T h u rs to n , 1973), a lthou gh  
th e  p a r t i c u l a r  c o n d i t io n s  used a r e  q u i te  c r i t i c a l  (M anelis, 
1974) . The s p a g h e t t i  model o f f e r s  no avenue f o r  any
non-word to  be pe rce iv ed  even to  th e  p o in t  of p ro n u n c ia t io n .
There must be an o th e r  p ro ce ss in g  s^sttem t h a t  o p e ra te s  on the 
s t im u lu s  i n  a d i r e c t  a c c e s s  fa sh io n  s o le ly  f o r  th e  purpose
of going from th e  g ra p h ic  s t im u lu s  t o  an i n t e r n a l
pho no log ica l  r e p r e s e n ta t io n  v ia  th e  r u l e s  o f  o rthography  
(Gibson, S h u r c l i f f ,  S Yonas, 1970). This tw o-p rocess  system 
would be in  l i n e  with th e  r e s u l t s  o f  Baron and Strawson 
(1976) who no t  only found ev idence  f o r  th e  use o f  
o r th o g ra p h ic  r u l e s  when read in g  a lo ud , bu t found- t h a t  
r e a d e rs  d i f f e r  s i g n i f i c a n t l y  in  t h e i r  dependence on the  
o r th ography .
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The a d d i t io n  t o  th e  model i s  i l l u s t r a t e d  in  F igure  
The arrow from th e  box la b e le d  "prim ary  re c o g n i t io n "  has two 
heads, which means t h a t  words can be pronounced w itho u t 
r e f e re n c e  to  th e  o r th o g ra p h ic  r u l e s .  This i s  c o n s i s t e n t  
with Baron aftd S tra w so n 's  (1976) s u b je c t s  ( la b e le d  
"Chinese") who were n o t  dependent on th e s e  r u l e s .  & du a l 
system has a ls o  been proposed by Meyer and Buddy (1973), 
a l thou gh  t h e i r  model and th e  s p a g h e t t i  model d i f f e r  in  o th e r  
r e s p e c t s .
CHAPTEB I I I
OVERVIEW OF STUDIES
Experiment is . Speeded Heading 
The purpose o f  t h i s  experim ent was to  i n v e s t i g a t e  th e  
r o l e  o f  c o n te x t  f o r  good and average  r e a d e r s  in  a s i t u a t i o n  
t h a t  r e q u i r e d  re a d in g ,  b u t  where i t  was emphasized t h a t  
comprehension was no t r e q u i r e d .  This experim ent i s  s im i l a r  
to  one p u b lish ed  by Horton (1964) in  which o r a l  re a d in g  
r a t e s  were compared f o r  d i f f e r e n t  o rd e rs  of approxim ation  to  
E n g lish .  The main change was a m ethodo log ical one to  allow 
th e  e f f e c t  of sem antic  c o n te x t  t o  be looked a t  w ithout 
p o s s ib le  confounding due to  s y n t a c t i c  d i f f e r e n c e s .
This experim ent was designed  to  t e s t  whether th e  lo c u s  
o f  th e  c o n te x t  e f f e c t  i s  a t  o r  below th e  l e v e l  o f meaning 
e x t r a c t i o n .  Another purpose was to  see  i f  good and bad 
re a d e r s  can be d i f f e r e n t i a t e d  on a t a s k  t h a t  does not 
in vo lv e  rea d in g  f o r  meaning and perhaps should n o t  even be 
c a l l e d  " rea d in g "  a t  a l l  (McLaughlin, 1969).
Experiment 2: Sentence Context 
T h is  experim ent i n v e s t i g a t e d  th e  r o l e  of c o n te x t  in  a 
r e a c t io n - t im e  p e rc ep t io n  t a s k —th e  one by F o r s te r  (1976), 
d e sc r ib e d  e a r l i e r .  Good and average  r e a d e r s  were compared 
on RT t o  say  words with and w itho u t c o n te x t .
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fis in  th e  F o r s te r  (1976) exp erim en t,  th e  c o n te x t  
c o n s is te d  of se n ten c es  p re se n te d  one word a t  a tim e a t  a 
r a t e  o f two words per second , p r i o r  t o  th e  to-be-named 
s t im u lu s .  The c o n te x t  was grouped i n to  th re e  l e v e l s  of 
d i f f e r e n t i a l  p r e d i c t a b i l i t y :  app ro x im ate ly  85 -100J8
e f f e c t i v e ,  35-65% e f f e c t i v e ,  and T-9% e f f e c t i v e .  The 
se n ten c es  were f i r s t  g iven  to  an o th e r  group o f  s u b je c t s  with 
b lank s  in  p lace  of the  s t im u lu s  word. I f  a p a r t i c u l a r  
s t im u lu s  word was f i l l e d  in  by 90% of th e  s u b j e c t s ,  then  th e  
c o n te x t  was s a id  to  be 90% e f f e c t i v e .
Two p re s e n ta t io n  d u r a t io n s  were used: o n e -h a l f  second
and 83 msec. N e ith e r  o f  th e se  t im es  were expec ted  to  
produce an a p p re c ia b le  number o f  e r r o r s .  W ithin each o f  the  
c o n te x t  c o n d i t io n s ,  words were blocked i n t o  two groups o f 
frequency  on the  b a s i s  o f  the Kucera and F ra n c is  (1967) 
c o u n t .  Word" frequency  was made o r th o g o n a l  to  c o n te x t .
The s t i m u l i  was p re se n te d  blocked by d u ra t io n  and 
m eaningful vs. m eaningless c o n te x t .  High- and
low -frequency  words were in te rm in g le d  randomly along w ith  
th e  th r e e  l e v e l s  o f  m eaningful c o n te x t .  T h is  was to  in s u re  
t h a t  c o n d i t io n s  were o p t im a l  fo r  producing  a c o n te x t  e f f e c t ,  
s in c e  s u b je c t s  would know p r e c i s e ly  what t o  expec t in  term s 
o f  whether th e  c o n te x t  was u s e fu l  and how r e l i a b l e  the 
s t im u lu s  in fo rm a tio n  woiild l>e. While th e  s p a g h e t t i  model 
c l e a r l y  p re d ic te d  a c o n te x t  e f f e c t  under th e s e  
c irc u m s ta n c e s ,  i t  made no s t ro n g  p r e d i c t i o n s  aborit whether 
or n o t  frequency  should i n t e r a c t  with c o n te x t ,  excep t fo r
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t h e  f a c t  t h a t  th e  f requency  e f f e c t  should v i r t u a l l y  
d isa p p e a r  when c o n te x t  re a c h e s  i t s  c e i l i n g  of 100% 
e f f e c t i v e .
A p a r t i c u l a r l y  i n t e r e s t i n g  r e s u l t  was th e  comparison o f 
t h e  low c o n te x t  l e v e l  t o  m ean ing less  c o n te x t .  The low l e v e l  
s t i l l  c a r r i e d  much more p o t e n t i a l  in fo rm a tio n  in  term s of 
b i t s  (G arner, 1962) than  word freq u en cy . I f  th e  low l e v e l  
i s  n o t  u s e fu l  t o  any d e te c t a b l e  d eg ree , i t  would be s t ro n g  
support f o r  a "one-word only" n o t io n  about how c o n te x t  i s  
p rocessed . That i s  to  say , i n s t e a d  of th e  c o n te x t  r a i s i n g  
th e  h e ig h ts  of a l l  p ie c e s  of s p a g h e t t i  t h a t  a re  congruous, 
th e  c o n te x t  only  r a i s e s  one p ie c e ,  co rre sp o n d in g  to  th e  
s u b je c t* s  guess  o f  what word would complete th e  sentenced
Experiment 2a; Sen ten ce  C ontex t with E a s t  P re s e n ta t io n
One problem w ith  Experiment 2 was t h a t  th e  p r e s e n ta t io n  
r a t e  o f  two words per second was a b i t  slow f c r  comparison 
with normal re a d in g .  The experim ent was th e r e f o r e  
r e p l i c a t e d  w ith  a d i f f e r e n t  group of s u b je c t s  u s in g  a 
p r e s e n ta t io n  r a t e  o f  fo u r  words per second.
Experiment 3; T a c h is to s c o p ic  R ecogn ition  
This experim ent invo lved  a comparison o f  good and" average  
re a d e rs  on a s in g le -w o rd ,  t a c h i s to s c o p i c  p re s e n ta t io n  t a s k ,  
s in c e  th e  on ly  o th e r  a t te m p t  to  do t h i s  ( G i lb e r t ,  1959) was 
in ad e q u a te  f o r  t h i s  purpose . In  a d d i t io n ,  th e  words v a r ie d  
on word frequency  and average  bigram frequency , a s  in  the 
Broadbent and Gregory (1968) s tu d y . Only well-known
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words— a l l  g r e a t e r  than  5 per  m i l l io n —were used , so t h a t  
any d i f f e r e n c e s  between good and average  r e a d e r s  would not 
be due to  g ro s s  vocabulary  d i f f e r e n c e s .
Since any d i f f e r e n c e  between good and average  r e a d e r s  
could  probab ly  r e f l e c t  e i t h e r  a d i f f e r i n g  a b i l i t y  to  take 
advantage  of in tra -w o rd  redundancy o r a d i f f e r e n c e  in  
g e n e ra l  p e rc e p tu a l  a b i l i t y ,  a num ber-percep ticn  ta sk  was 
performed because random numbers do no t have any i n t e r n a l  
redundancy. Thus any d i f f e r e n c e  betw teen word and number 
th r e s h o ld s  would r e f l e c t  th e  component o f p e rc e p t io n  t h a t  i s  
s p e c i f i c  to  words.
R e la t io n s h ip  of Reading to  Word P e rce p t io n
The same s u b je c t s  were used f o r  a l l  t h r e e  o f  th e  
p rev io u s  experim en ts  (exc lud ing  Experiment 2 a ) . They were 
s e le c te d  on th e  b a s i s  o f  t h e i r  performance on a l l  80 
q u e s t io n s  c f th e  Davis rea d in g  t e s t .  The Davis t e s t ,  which 
c o n ta in s  a s e r i e s  o f  s h o r t  passages  and m u lt ip le -c h o ic e  
q u e s t io n s ,  was s e l e c te d  because i t  i s  both f a i r l y  
w e l l - r e s p e c te d  (Coffman, 1965) and s p e c i f i c a l l y  designed fo r  
group t e s t i n g .
Two groups o f  tw e lve  s u b je c t s  each were s e le c te d  from 
th e  s i x t y  whc took the  t e s t .  C r i t e r i a  f o r  s e l e c t i o n  were to  
(1) o b ta in  as widte a rang£ a s  p o s s ib le  between th e  two 
groups, w hile  (2) eq u a tin g  th e  two groups on math SAT 
s c o re s .
An a d d i t i o n a l  read in g  t e s t  was given  to  th e  2h s u b je c t s  
a f t e r  th ey  had p a r t i c i p a t e d  in  a l l  t h r e e  ex p erim en ts .  I t
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c o n s is te d  o f one long passage  w ith  t e n  s h o r t  g u e s t io n s  asked 
a t  th e  co n c lu s io n  (see Jackson and M cClelland, 1975).
The a n a ly s i s  o f th e  d a ta  was c a r r i e d  o u t  two ways. 
F i r s t ,  re a d in g  a b i l i t y ,  a s  determ ined by th e  Davis t e s t ,  was 
used as  a f a c t o r  in  th e  ANOVA's f o r  a l l  t h r e e  ex p erim en ts .  
Second, a c o r r e l a t i o n a l  a n a ly s i s  was performed a c ro s s  
s u b j e c t s ,  in c lu d in g  as v a r i a b le s  a l l  measures of read ing  
a b i l i t y  and word p e rc e p t io n .  In  a d d i t i o n ,  s e l e c te d  p a r t i a l  
c o r r e l a t i o n s  were c a l c u l a t e d .  Mo a ttem p t was made to  
p rov ide  any c a u sa l  s ta te m e n ts  concern ing  th e  r e l a t i o n s h i p  
between read in g  a b i l i t y  and a s p e c t s  o f  word p e rc e p t io n .
An Em pirical  A n a ly s is  o f th e  l e x ic a l - S e a r c h  Model 
Given c e r t a i n  a ssu m p tio n s , F o r s t e r ' s  l e x i c a l - s e a r c h  
model i s  cap ab le  o f  c e r t a i n  q u a n t i t a t i v e  p r e d ic t io n s  
concern ing  th e  s i z e  and shape o f  th e  frequency  e f f e c t .  
These p r e d i c t i o n s  were e la b o ra te d  and then  t e s t e d ,  based on
raw d a ta  from a p re v io u s ly  pu b lish ed  s tu d y  by T re d e r ik s e n
/
and K ro l l  (1976).
CHAPTER IV
EXPERIMENT Is SPEEDED READING TASK
I f ,  as s t a t e d  e a r l i e r ,  c o n te x t  can be d e f in e d  as any 
in fo rm a tio n  about some p e rc e p tu a l  u n i t  t h a t  comes from a 
so u rce  o u ts id e  t h a t  p e rc e p tu a l  u n i t ,  th en  c o n te x t  has
som ething t c  do with re a d in g .  In  f a c t ,  i f  one accep ts  as  
th e  d e f i n i t i o n  of re a d in g ,  t h e  p rocess  of " e x t r a c t in g
in fo rm a tio n  from te x t "  (Gibson & Levin , 1975, p .  5 ) ,  then  
i t  i s  c l e a r  t h a t  th e r e  can be no read ing  w ithout some 
c o n te x t .  What i s  n o t  c l e a r ,  however, i s  w hether c o n te x t  
m erely a id s  th e  o r g a n iz a t io n  o f  p e rc e p tu a l  u n i t s  i n  memory 
o r  a c t u a l l y  speeds up the  p e rc e p tu a l  p ro cess  ( i . e .  th e  
r e c o g n i t io n  o f  th e  p e rc e p tu a l  u n i t s ) .  M orton 's  (1969)
logogen model and Becker*s (1976) v e r i f i c a t i o n  model su gges t  
t h a t  i t  would speed up r e c o g n i t io n .  F o r s t e r ' s  (1976)
l e x i c a l - s e a r c h  model, which makes th e  o p p o s i te  c la im ,
su g g e s ts  t h a t  memory i s  o rgan ized  acco rd in g  t o  senso ry  
p a ra m e te rs ,  and hence t h a t  sem antic  in fo rm a tio n  cannot speed 
up th e  r e c o g n i t io n  p ro c e ss .
The d i s t i n c t i o n  between th e  two p o s s ib le  l o c i  fo r  the  
c o n te x t  e f f e c t  i s  d i f f i c u l t  t o  make, s in c e  i t  p resupposes  
some knowledge of th e  p e rc e p tu a l  u n i t s  f o r  r e a d in g .  There 
i s  a l s o  th e  p o s s i b i l i t y  t h a t  p e rc e p t io n  i s  a s ta g e  p ro c e s s ,  
and t h a t  each s ta g e  of p rocess ing  may have i t s  own u n i t
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(e .g .  Smith S Spoehr, 1974; Massaro, 1975) . F e a tu re s  o f  
l e t t e r s ,  i n d iv id u a l  l e t t e r s ,  l e t t e r  c l u s t e r s ,  s y l l a b l e s ,  and 
words— to  name j u s t  a few of th e  more obvious on es—a l l  have 
some l ik e l ih o o d  o f  be ing  p e rc e p tu a l  u n i t s  of some s ta g e  of 
p ro c e ss in g .  To f u r t h e r  com plica te  th e  i s s u ^ ,  a l t e r n a t i v e  
p e rc e p tu a l  s t r a t e g i e s  may e x i s t  in  any s i t u a t i i o n  (Meyer & 
Ruddy, 1973), both fo r  a given in d iv id u a l  and between 
d i f f e r e n t  i n d iv i d u a l s .
I t  i s  p o s s ib le  t h a t  c o n te x t  may be o p e ra t in g  a t  s e v e r a l  
d i f f e r e n t  l o c i  t h a t  could  a l l  be c l a s s i f i e d  a s  p r i o r  to  word 
r e c o g n i t io n .  The on ly  q u e s t io n  t h a t  can be asked under th e  
c irc u m s ta n ce s  i s  whether c o n te x t  o p e ra te s  a t  any of th e s e  
l o c i .
One way t o  o b ta in  an answer i s  t o  compare th e  time i t  
t a k e s  to  p e rc e iv e  a m eaningful paragraph (with c o n te x t)  to  
one w ithout meaning or c o n te x t .  That i s ,  i f  people a re
asked to  read  as  f a s t  as tb ey  can , paying no a t t e n t i o n  to  
meaning, w i l l  meaning speed up th e  p rocess?  Morton (1964) 
used t h i s  paradigm in  a s tud y  with pa rag raphs  of normal 
p rose  o r  o f  approx im ations to  E ng lish  (Shannon, 1951). His 
r e s u l t s  showed t h a t  re a d in g  r a t e s  in c re a sed  up to  the  f i f t h  
o rd e r  fo r  th e  slow er r e a d e r s ,  and up to  th e  s i x t h  o rder  fo r
th e  f a s t e r  r e a d e r s ,  w hile  a l l  s u b je c t s  read  normal t e x t
f a s t e r  than  even e ig h th -o r d e r  approx im ations to  E n g lish .  
T his  c e i l i n g  e f f e c t  a t  th e  f i f t h  o r  s ix th  o rd e r  i n d ic a t e s  
t h a t ,  w hile  b e t t e r  r e a d e r s  were s l i g h t l y  more a b le  to  tak e  
advantage  of the  type o f c o n te x t  r e f l e c t e d  by th e
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approxim ation  to  E ng lish  te c h n iq u e ,  th e re  was something e l s e  
about normal t e x t  t h a t  a ided  a l l  r e a d e r s .  There were, 
however, a number o f  p o s s i b i l i t i e s  not c o n t r o l le d  fo r  in  the  
Morton s tu d y :  word f req u en cy , rhythm p a t t e r n ,  p u n c tu a t io n ,
s y n t a c t i c  s t r u c t u r e ,  e t c .  The p re s e n t  experim ent was 
designed t o  c o n t r o l  f o r  th e s e  p o s s i b i l i t i e s  w hile  fo cu s in g  
on th e  q u e s t io n  o f  whether sem antic  c o n te x t  ( i . e .  meaning) 
speeds up p e rc e p t io n .
Method
S u b je c t s . The o b se rv e rs  were 24 und erg radu a tes  a t  th e  
U n iv e rs i ty  of New Hampshire. All were- s tu d e n ts  in  an 
in t r o d u c to r y  psychology course  who p a r t i c i p a t e d  in  th e  
experim ent in  o rd e r  to  f u l f i l l  a l a b o r a to r y  req u ire m e n t.  
The s tu d e n ts  were s e l e c te d  from a group of 60 who had ta k e n  
th e  Davis Beading T e s t .  The purpose o f  s e l e c t i o n  was to  
in s u re  a s  l a r g e  a spread a s  p o s s ib le  in  rea d in g  a b i l i t y ,  
while in s u r in g  no d i f f e r e n c e  in  math SAT s c o re s .  The Davis 
t e s t  i n t e n t i o n a l l y  c o n ta in s  more passages and q u e s t io n s  than  
most people can g e t  through i n  th e  a l l o t t e d  tim e p e r io d .  As 
a r e s u l t ,  th e  sco re  f o r  th e  f i r s t  40 i tem s i s  c a l l e d  " l e v e l  
o f com prehension ,"  while th e  sco re  f o r  a l l  80 i tem s i s  
termed "speed of ' com prehension ."  The measure used f o r  
s e l e c t i o n  was th e  sco re  f o r  a l l  80 i tem s. The tw elve  " f a s t "  
r e a d e rs  had an average  sco re  t h a t  was a t  th e  87th p e r c e n t i l e  
f o r  c o l le g e  freshm en, w hile  th e  tw e lve  "average"  r e a d e r s  had 
a mean sco re  a t  th e  32nd p e r c e n t i l e .  The mean SAT was about 
570 f o r  bo th  g roups.
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Stim ulus m a t e r i a l s . Two p assag es , approx im ate ly  150 
words in  l e n g th ,  were s e l e c te d  from each o f  th r e e  books, 
each book by a d i f f e r e n t  a u th o r .  (The passages  a re  
reproduced  in  Appendix A.) Each passage  was th en  rendered  
m eaning less by th e  rep lacem ent o f  c e r t a i n  key words. The 
procedure  f o r  r e p la c in g  each word was designed to  meet 
s e v e r a l  c r i t e r i a :  rough eq u iv a le n ce  f o r  number o f  l e t t e r s ,
number of phones, and frequency o f usage a s  determ ined by 
th e  Kucera and F ra n c is  (1967) word freq uency  c o u n t;  exac t  
equ iv a len ce  f o r  number of s y l l a b l e s ,  a c c e n t  p a t t e r n ,  and 
s y n t a c t i c  f u n c t io n .  S p e c ia l  c a re  was pa id  to  a s s u re  t h a t  a 
rep lacem ent word was n o t  on ly  th e  same p a r t  o f  speech (noun, 
v e rb , e t c . ) , b u t  a l s o  m ain ta ined  th e  same und erly in g  
s t r u c t u r e .  For example, a se n ten c e  l i k e  "He i s  e ag e r  to  
p lea se "  would no t be rep laced  by "He i s  easy  t o  p l e a s e . "  The 
parag rap hs were typed i n d iv id u a l ly  on a s e p a r a te  p ie c e  o f  
paper ,  j u s t  as  th ey  appear in  Appendix A.
P rocedure . Each p a r t i c i p a n t  was g iven  fo u r  meaningful 
and fo u r  m eaning less pa rag raphs  to  r e a d ,  th e  f i r s t  one of 
each group be ing  p r a c t i c e .  The i n s t r u c t i o n s  were t o  read  
th e  pa rag rap hs  out loud , a s  q u ic k ly  a s  p o s s ib le ,  w ithout 
reg a rd  to  meaning, and no t to  worry abou t any m is takes . 
There were a c t u a l l y  two complete s e r i e s  o f  p a rag rap h s ,  each 
s u b je c t  g e t t in g  on ly  one s e r i e s .  S e r ie s  A c o n s i s te d  o f  
th r e e  m eaningful pa rag raphs  and th r e e  u n re la te d  m eaningless 
ones, t ransfo rm ed  from parag raphs by th e  same a u th o r s .  
S e r ie s  B c o n s i s te d  o f  th e  o p p o s i te  v e rs io n  of each paragraph
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i n  S e r ie s  ft. Half of a l l  t h e  s u b je c t s  go t S e r ie s  A; h a l f  
got S e r ie s  B. H alf  o f each o f  th e  above groups re c e iv e d  th e  
m eaningful paragraphs f i r s t ;  h a l f  rec e iv e d  th e  m eaningless 
f i r s t .  The o rd e r  o f  th e  paragraphs  w ith in  e(ach o f  th e  
groups was v a r ie d  acco rd ing  t o  a L a t in  square  design .
R e su l ts
The dependent v a r i a b le  was o r a l  rea d in g  r a t e ,  expressed  
in  s y l l a b l e s  per m inute, a s  a compromise between l e t t e r s  per 
minute and words pe r  m inute. In  f a c t ,  which v a r ia b le  was 
used d id  not make any g re a t  d i f f e r e n c e  f o r  th e  r e s u l t s ,  nor 
d id  i t  f o r  Morton (1964) . The most s t r a ig h t f o r w a rd  way o f  
p r e s e n t in g  th e  r e s u l t s  i s  shown in  F igure  5a. Adjacent b a rs  
r e p r e s e n t  normal vs . m eaning less v e rs io n s  of the same 
paragraph . While t h e r e  was an o v e r a l l  advantage  f o r  the  
m eaningful pa rag raph s , th e  r e s u l t s  were q u i te  v a r i a b le .  
Since no s u b je c t  got both v e rs io n s  of any one pa rag rap h , 
a d ja c e n t  b a rs  r e p r e s e n t  e n t i r e l y  d i f f e r e n t  s u b je c t s .  
S u b je c ts  a r e  confounded with p a rag rap h s ,  and th e  v a r i a b i l i t y  
might r e p r e s e n t  t h i s  f a c t .  I t  i s  p o s s ib le  to  g e t  around 
t h i s  d i f f i c u l t y  by c a l c u l a t i n g  th e  " e f f e c t ” f o r  each s u b je c t  
( i . e .  th e  d i f f e r e n c e  between th e  mean f o r  each person and 
th e  grand mean), and a d ju s t in g  f o r  i t .  T h is  was done, and 
th e  r e s u l t s  appear in  F ig u re  5b. There i s  now a c o n s i s t e n t  
e f f e c t  f o r  a l l  p a rag rap h s ,  averag ing  ou t to  a 12 
s y l l a b le /m in u te  advantage  f o r  m eaningful p a rag rap h s . The 
p r o b a b i l i t y  o f  chance re su l t in g *  in  a l l  s i x  randomly s e le c te d  































B. Adjusted for subject effects 
Figure 5. Experiment 1: Meaningful vs meaningless paragraphs.
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(£ < .0 5 ) ,  a r e s u l t  t h a t  can be g e n e ra l iz e d  a c ro s s  
p a rag rap h s .
The d a ta  can be analyzed  in  a d i f f e r e n t  way, using  a 
rep ea ted -m easu res  design  and an a n a ly s i s  of v a r ia n c e .  
I n s te a d  o f  comparing co rrespond ing  pa rag raph s , each p e rso n ’ s 
perform ance on a normal paragraph can be compared to  h i s  o r  
h e r  perform ance on the  m eaningless ve rs ion  o f  th e  o th e r  
paragraph  by th e  same a u th o r .  The b e tw ee n -su b jec ts  f a c t o r ,  
in  a d d i t io n  t o  a b i l i t y ,  i s  S e r ie s  A vs. B, as  d e sc r ib e d  
e a r l i e r .  S u b je c ts  a r e  n es ted  under A b i l i ty  and S e r ie s  and 
c ro s se d  w ith M eaningfulness and W ri te r ,  as  each person got 
normal and m eaningful pa rag raphs , and go t  pa rag raphs  by a l l  
t h r e e  w r i t e r s .  The ANOVA i s  p re se n te d  in  Table 1. Order 
and p o s i t io n  e f f e c t s ,  which were in c lu d ed  in  th e  o r i g i n a l  
a n a l y s i s ,  were l e f t  out of Table 1 fo r  s i m p l i c i t y ,  s in c e  
th e y  did n o t  account f o r  a s i g n i f i c a n t  p ro p o r t io n  o f the  
v a r ia n c e .  The e f f e c t  f o r  meaning i s  s i g n i f i c a n t  a t  th e  .005 
l e v e l  and i s  g e n e r a l i z a b le  a c ro s s  s u b je c t s  and w r i t e r s .  
There i s  one s i g n i f i c a n t  i n t e r a c t i o n  ( A b i l i ty  x S e r ie s  x 
Meaning), because a few of th e  slow er r e a d e r s  who rec e iv e d  
S e r ie s  A produced a s l i g h t l y  anomalous meaning e f f e c t .  I t  
i s  no t  ap p a ren t why only th e s e  slow er re a d e rs  produced an 
anomalous e f f e c t .  In  any c a s e ,  s in c e  th e  o th e r  s low er 
r e a d e r s  c o n s i s t e n t l y  produced meaning e f f e c t s ,  t h e r e  was no 
A b i l i ty  x Meaning i n t e r a c t i o n ;  i . e .  slow er r e a d e r s  a s  a 
group were n o t  l e s s  a b le  to  ta k e  advantage  o f the  meaning.
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Table 1








Ability (A) 1 S(AB) AW 32160 1/20 3.22
Series (R) 1 S(AB) RW 8680 1/83 0.83
Meaning (M) 1 SM(AB) MW 5305 1/20 12.18**
Writer (W) 2 23698
AR 1 S(AR) ARW 34906 1/21 3.58
AM 1 SM(AR) AMW 56 17/9 0.40




Subjects (S(AR)) 20 9561








Note. The dependent variable is reading rate, measured in syllables 
per minute.
*p < . 0 5  
**p <  .005
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There was an a p p re c ia b le  d i f f e r e n c e  (30 s y l l a b l e s  per 
minute) between th e  o v e r a l l  read in g  r a t e s  o f th e  two groups 
o f r e a d e r s ,  and i t  was in  th e  expected d i r e c t i o n .  In  view 
o f  th e  l a r g e  v a r i a b i l i t y  between s u b j e c t s ,  however, t h i s  
r e s u l t  i s  n e t  s i g n i f i c a n t .
D iscuss ion
Meaning produces a sm all  bu t c o n s i s t e n t  e f f e c t  on 
rea d in g  speed , even when s u b je c t s  a re  asked no t to  read  fo r  
meaning. A simple e x p la n a t io n —c o n s i s t e n t  w ith  th e  
r e s u l t s - * - i s  t h a t  i n d iv id u a l  words can be perceived  mere 
qu ick ly  a s  a r e s u l t  of th e  sem antic  in fo rm a tio n  c a r r i e d  by 
th e  c o n te x t .  Horton (1964) o b ta in ed  a somewhat l a r g e r  
e f f e c t  (22 s y l l a b le /m in u te  d i f f e r e n c e  as  opposed to  1 2 ) ,  
probably  r e f l e c t i n g  th e  many d i f f e r e n c e s  between th e  normal 
t e x t  and h i s  e ig h th - o r d e r  passage— meaning be ing  j u s t  one of 
them. The 12 s y l l a b le /m in u te  d i f f e r e n c e  (about 10 
msec/word) i s  approx im ate ly  what might be expected  f o r  a 
l e x i c a l - a c c e s s  e f f e c t  (F re d e r ik se n  & K ro l l ,  1976),
e s p e c i a l l y  c o n s id e r in g  th e  f a c t  t h a t  th e  e f f e c t  i s  probably
/
n o t  spread  e q u a l ly  among a l l  th e  words. I f  t h e  e f f e c t  was a 
r e s u l t  o f  h a l f  th e  words being  perce ived  more q u ic k ly ,  as 
might be expected  by a Cloze a n a ly s i s  (Coleman & H i l l e r ,  
1968), then  t h i s  would average  out t o  a 20 msec/word 
advan tage , r i g h t  i n  the  range of a t y p i c a l  word-frequency 
e f f e c t  (F re d e r ik se n  S K r o l l ,  1976).
Another d i f f e r e n c e  between th e  r e s u l t s  of H o rto n 's  
experim ent and the  p re s e n t  one concerns  M orton 's  claim  t h a t
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" f a s t e r  r e a d e r s  use c o n te x t  more e f f e c t i v e l y  than  s low er 
re a d e rs  and presumably use more c o n te x t"  (Morton, t964, p. 
345). There i s  no evidence f o r  such an i n t e r a c t i o n  in  the  
p re se n t  experim en t. Even when th e  r e a d e r s  a r e  d iv ided  i n to  
two groups on a p o s t-h o c  b a s i s — as had been done by 
Morton— th e r e  was no ev idence  fo r  an i n t e r a c t i o n .  The 
i n t e r a c t i o n  in  M orton 's  s tudy  was due a s  much t o  a d ec rease
in  rea d in g  r a t e  f o r  th e  s low er re a d e rs  in  going from th e
f i f t h -  t o  s i x t h - o r d e r  approxim ation  a s  to  an in c r e a s e  fo r  
th e  f a s t e r  r e a d e r s .  The d e c rea se  i s  i n e x p l i c a b le  in  term s 
of in fo rm a tio n  c o n te n t ,  but may have been due to  a 
d i f f e r e n c e  in  th e  mean number o f s y l l a b l e s  p e r  word in  th e  
two p a ssa g es .  T h e re fo re ,  th e  d i f f e r e n c e  between th e  f a s t  
and slow r e a d e r s  may be no t  t h a t  th e  f a s t e r  r e a d e r s  a re  more 
a b le  to  ta k e  advantage o f c o n te x t ,  bu t  r a t h e r  t h a t  they  can 
handle  l a r g e r  words b e t t e r  than  slow er r e a d e r s .
The b a s ic  r e s u l t  t h a t  c o n te x t  can a id  p e rc e p t io n  would
seem to  argue a g a in s t  F o r s t e r ' s  (1976) l e x i c a l - s e a r c h
th e o ry :  "we canno t assume t h a t  c o n te x t  a c t s  t o  r e s t r i c t  a
sea rch  s e t  a lre a d y  r e s t r i c t e d  by th e  s t im u lu s  i t s e l f ,  sim ply
because we would be unable  t o  e x p la in  how a c c e s s  took  p lace
when th e r e  was no c o n te x t"  (p. 277). F o r s te r  does a llow
f o r  u s ing  a p ro d u c tio n  acc ess  f i l e  as an a l t e r n a t i v e  to
l e x i c a l  s e a rc h :
Using th e  p ro d u c tio n  f i l e  s u f f e r s  from no obvious 
d isa d v a n ta g e s ,  excep t we a re  committed to  th e  view t h a t  
p e rc e iv in g  a sen tence  r e q u i r e s  th e  use of th e  se n ten c e
p ro d u c tio n  a p p a ra tu s  (a s t ro n g  c la im ) . I t  a l s o  seems
im probable t h a t  t h i s  system would ev e r  be f a s t  enough to  
b e a t  ou t se a rc h  guided by sensory  pa ram eters  ( F o r s te r ,  
1976, p. 276).
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An a l t e r n a t i v e  e x p la n a t io n  f o r  th e  e f f e c t  o f  meaning
would be t h a t  the  c o n te x tu a l  in fo rm a tio n  produced
c o u n te r - e x p e c ta n c ie s  in  th e  nonsense c o n d i t io n ,  r e s u l t i n g  i n  
i n t e r f e r e n c e  and an in c r e a s e  in  BT*s. This e x p la n a t io n  
im p lie s  t h a t  w hile  e x p e c ta n c ie s  a re  being  used , th ey  a re  no t  
being used t c  a id  p e rc e p t io n - - a  very u n l ik e ly  s i t u a t i o n .  I f  
t h e r e  i s  some i n t e r f e r e n c e  in  th e  nonsense c o n d i t io n ,  th en  
th e r e  shou ld  be some f a c i l i t a t i o n  i n - th e  meaningful
c o n d i t io n .  The r e s u l t s  o f t h i s  experim ent su ppo rt  th e  
n o t io n  t h a t  p e rc e p t io n  governed by sen ten ce  c o n te x t  can be 
f a s t  enough t o  be f a c i l i t o r y  even when s u b je c t s  a r e  re a d in g  
aloud a t  t h e i r  f a s t e s t  r a t e s .  P e rc e p t io n ,  w hile  not
r e q u i r in g  th e  use of th e  p ro d u c tio n  a p p a ra tu s ,  may be a ided  
by i t .
CHAPTER V
EXPERIMENT 2: SENTENCE CONTEXT
One of the  prim ary i s s u e s  which d i s t i n g u i s h  c u r r e n t  
models o f word p e rc e p t io n  i s  th e  lo c u s  o f  th e  c o n te x t  
e f f e c t .  Morton*s (1969) logogen model and th e  ex tended 
" s p a g h e t t i "  v e rs io n  of the  model both  p r e d ic t  a sem antic  
c o n te x t  e f f e c t  a t  a p e rc e p tu a l  l e v e l .  (See F ig u re s  1 and 
4.) ' Both say t h a t  sem antic  c o n te x t  r a i s e s  th e  e x c i t a t i o n  
l e v e l  of a l l  r e l e v a n t  logogens. N e ith e r  s p e c i fy  th e  
mechanisms whereby i t  i s  decided  which logogens a re  
r e l e v a n t .
Another type  o f  model i s  e x em p lif ied  by F o r s t e r ' s  
(1976) l e x i c a l - s e a r c h  th e o ry .  F o r s t e r  p o s tu la t e s  a 
h i e r a r c h i c a l  l e x i c a l  memory t h a t  has  a s u p e r s t r u c tu r e  
("b in -system ") o rg a n iz e d  accord ing  t o  sensory  p a ram ete rs ,  
and a s u b - s t r u c tu r e  ( in d iv id u a l  bins) o rg an ized  acco rd ing  to  
word freq u en cy . The on ly  sem antic  o r g a n iz a t io n  i s  p rovided  
by a p e r ip h e ra l  a c c e ss  f i l e  in  which words p o in t  to  t h e i r  
h ig h - p r o b a b i l i ty  a s s o c i a t e s  in  l e x i c a l  memory. This 
sem antic  a ccess  f i l e  can  acco un t f o r  th e  type  o f  
f a c i l i t a t i o n  e f f e c t  whereby th e  p r e s e n t a t i o n  o f " d o c to r” on 
one t r i a l  w i l l  a id  th e  p e rc e p t io n  o f  "n u rse "  on a subsequent 
t r i a l  (Meyer, Schvaneveld t & Ruddy, 1975). G eneral c o n te x t  
may be p rov ided  by e a r l i e r  s e n te n c e s  in  a pa ragraph .
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However, i t  cannot a id  l e x i c a l  r e t r i e v a l ,  sim ply because th e  
lex ico n  has no sem antic  o rg a n iz a t io n .  & memory s o l e ly  
o rgan ized  acco rd ing  to  sem an tic  p r o p e r t i e s  may be 
p o s tu la te d ,  b u t  then  l e x i c a l  a c c e ss  f o r  i s o l a t e d  words would 
be im p o s s ib le .  Another a l t e r n a t i v e  would be t o  propose a 
sem antic  l e v e l  o f o r g a n iz a t io n ,  bu t th e  sen so ry  in fo rm a tio n  
would s t i l l  have to  be s u p e ro rd in a te  to  account f o r  the  
a b i l i t y  to  acc ess  i s o l a t e d  words. The q u e s t io n  would be 
whether t o  make th e  sem antic  l e v e l  h ig h e r  o r lower in  the  
h ie ra rc h y  than  the  w ord-frequency l e v e l .  The obvious 
problem i s  t h a t  th e  lower in  th e  h ie ra rc h y  a f a c t o r  i s ,  th e  
l e s s  powerful i t s  e f f e c t  would be. The t h i r d  l e v e l  down may 
be so low a s  t c  be u s e le s s .
For example, suppose the  c o n te x t  i s  so  s t ro n g  th e  
re a d e r  has knowledge t h a t  th e  nex t word to  be read  w i l l  be 
th e  symbol f o r  a person who works in  a h e a l th  f i e l d .  The 
re a d e r  q u ic k ly  g e ts  some v i s u a l  in fo rm a tio n  about th e  word; 
pe rh ap s , as F o r s te r  (1976) s u g g e s ts ,  he o r she may have 
i d e n t i f i e d  th e  i n i t i a l  and f i n a l  l e t t e r s ,  *n* and 'e*
r e s p e c t iv e ly .  Suppose the  *n e* b in  i s  thumb-indexed
accord ing  t o  sem antic  f e a t u r e s .  The f i r s t  problem i s  t h a t  
th e r e  would p robably  have to  be an in o r d in a te  number of such 
sem antic  •'thumb-indices*1 i f  each b in  i s  to  have a complete 
s e t .  P u t t in g  t h i s  problem a s id e ,  suppose t h a t  people can 
im m ediately  f in d  th e  h e a l th - f i e l d - p e r s o n  thum b-index. They 
would f in d  only one e n t r y :  " n u r s e . "  There wouid be no room
l e f t  f o r  a f u r t h e r  l e v e l  of o rg a n iz a t io n  acco rd ing  t o  word
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f req u en cy . T his  undoubtedly would be th e  case  more o f t e n  
th an  n o t .  I t  appea rs  t h a t  t h r e e  l e v e l s  of h i e r a r c h i c a l  
o rg a n iz a t io n  i s  a t  l e a s t  one to o  many.
How then  i s  one to  account f o r  th e  s e m a n t ic -c o n te x t  
e f f e c t ?  One way i s  to  p o s tu la t e  an a l t e r n a t e  path  to  
p e rc e p t io n ,  perhaps v ia  a s e m a n t ic a l ly  o rg an ized  memory. 
The ro u te  F o r s te r  t a k e s  i s  to  deny th e  e x i s te n c e  o f  the  
c o n te x t  e f f e c t .  He p o in ts  ou t  . t h a t  th e  t y p i c a l  c o n te x t  
experim ent ( e .g .  Tulving S Gold, 1963) i s  performed with 
im poverished  s t i m u l i  and a llow s th e  s u b je c t  p le n ty  of time 
to  produce a re sp o n se . I d e a l l y ,  in  o rd e r  t o  dem ons tra te  a 
t r u e  p e rc e p tu a l  lo c u s ,  what*s needed i s  a paradigm t h a t  can 
show a c o n te x t  e f f e c t  with a speeded re sp o n se .
F o r s te r  a ttem pted  t h i s ,  u s ing  sim ple  naming of f i n a l  
words of se n te n c e s  a s  h i s  t a s k .  The se n te n c e s  were 
p re se n te d  one word a t  a tim e a t  va ry ing  r a t e s .  H a lf  o f the  
se n te n c e s  were m eaningful and h a l f  m ean ing less . The b a s ic  
r e s u l t s  in d ic a te d  t h a t  th e  tim e re g u i r e d  to  name th e  f i n a l  
word o f  m eaningful s e n te n c e s  d id  n o t d i f f e r  s i g n i f i c a n t l y  
from th e  m eaningless o n e s ,  a lth o u g h  th e  r e s u l t s  f o r  a l l  
c o n d i t io n s  appeared to  be in  th e  d i r e c t i o n  of c o n te x t  having  
a b e n e f i c i a l  e f f e c t .  In  one case  th e  r e s u l t  was a 36 msec 
d i f f e r e n c e ,  a s iz e  t y p i c a l  of most f requency  e f f e c t s  ( c . f .  
F re d e r ik se n  6 K ro l l ,  1976). In  one c o n d i t io n ,  th e  f i n a l  
word was p re s e n te d  f o r  83 msec (one frame of f i l m ) ,  and the  
co n te x t  e f f e c t  was s i g n i f i c a n t .  F o r s t e r ' s  e x p la n a t io n  was 
t h a t ,  w hile  t h i s  d u ra t io n  d id  n o t make th e  s t im u lu s
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im poverished  enough to  produce many e r r o r s ,  i t  d id  reduce  
th e  o v e r a l l  HT by 50 msec, and should th u s  be c l a s s i f i e d  
along with th e  r e s u l t s  of most t a c h i s to s c o p ic  experim en ts .  
But t h i s  i s  s t i l l  a speeded re sp o n se .  In  f a c t  th e  average 
tim e to  p e rc e iv e  h ig h -c o n te x t ,  83-msec words was l e s s  than  
th e  BT to  lc w -c o n te x t ,  n o rm al-d u ra t io n  words. There i s  a ls o  
a m ethodolog ical c r i t i c i s m  t o  be made o f F o r s t e r ' s  
ex perim en ts .  M eaningless and m eaningful se n ten c es  were 
in te r s p e r s e d  randomly, which could  e a s i l y  have le d  s u b je c t s  
to  expec t th e  unexpected , r e s u l t i n g  in  an in te r f e r e n c e  with 
th e  normal c o n te x t  e f f e c t s .
The p re s e n t  experim ent was designed to  c o r r e c t  f o r  t h i s  
m ethodo log ica l problem, while a t  th e  same tim e p ro v id in g  a 
m e tr ic  fo r  " l e v e l  o f c o n te x t , "  so t h a t  th e  c o n te x t  e f f e c t  
cou ld  be more d i r e c t l y  compared to  th e  word-freguency 
e f f e c t .
Method
S u b je c t s . The same 2h s u b je c t s  were used as  in  
Experiment 1.
S tim ulus i te m s . Two hundred se n ten c es  were composed 
, w ith  th e  f i n a l  word m issing  and given to  a group of 100 
in t ro d u c to ry  psychology s tu d e n ts .  They were i n s t r u c t e d  to  
com plete  th e  se n te n c e s  with whatever word o r  words t h a t  came 
im m ediate ly  t o  mind. The r e s u l t s  f o r  a l l  200 sen ten ces  were 
t a b u la t e d ,  and c a t e g o r i e s  o f  s e n te n c e s  were chosen in  which 
a p a r t i c u l a r  word was f i l l e d  in  by (1) 85% to  100% of th e  
s tu d e n t s ,  (2) 35% to  65% of th e  s t u d e n t s ,  and (3) only 1% to
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9% of th e  s tu d e n ts .  T h ir ty - tw o  se n ten c es  were chosen in  
each c a te g o ry .  I n  h a l f  o f  th e se  th e  f i n a l  word had a
frequency  o f  occu rrence  o f  over 100 per  m i l l io n ;  in  the 
o th e r  h a l f  th e  frequency was t e n  o r  under (Kucera 6 F r a n c i s ,  
1967). The words o f  each sen ten ce  were typed and then
photographed on s e p a r a te  fram es of 16 mm movie f i lm ,  each
word c e n te re d  in  th e  middle o f  th e  fram e. N egative double-X 
f i lm  was used, so th e  words appeared white on a dark
background. An a s t e r i s k  appeared  on th e  screen  p reced ing  
th e  f i n a l  word of each se n te n c e .
A z e ro -c o n te x t  c o n d i t io n  was provided by an a d d i t i o n a l  
32 words t h a t  were preceded s o l e ly  by th e  a s t e r i s k .
The l a s t  c o n d i t io n  was f in a l -w o rd  d u ra t io n .  The words 
and a s t e r i s k  always appeared  a t  a r a t e  of two per second. 
In  one c o n d i t io n ,  the  f i n a l  word a l s o  appeared fo r  
o n e -h a lf -s e c o n d ;  in  a n o th e r  i t  appeared f o r  only 83 msec.
There were 4 l e v e l s  o f  c o n te x t  by 2 l e v e l s  o f  word 
frequency  by 2 l e v e l s  o f d u ra t io n  f o r  a t o t a l  o f  16 ^groups, 
with 8 i tem s  per group (see  Appendix B ). The t o t a l  number 
o f  l e t t e r s  and s y l l a b l e s  in  each group d i f f e r e d  by no more 
than  5X.
A pparatus . The words were photographed on 16 mm f i lm  
and p ro je c te d  through a L a fa y e t te  v a r ia b le - sp e e d  p r o je c to r .  
A w hite  sq u a re ,  screened  from th e  s u b j e c t ' s  view, appeared 
to g e th e r  w ith each to-be-nam ed word and s t a r t e d  th e  r e a c t io n  
t im er  v ia  a p h o to - s e n s i t iv e  d e v ic e .  S u b je c ts  stopped the  
t im e r  by speaking  i n t o  a microphone a t ta c h e d  to  th e  t h r o a t .
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The s u b je c t  s a t  t e n  f e e t  away from th e  s c re e n ,  and a 
f o u r - l e t t e r  word subtended approx im ate ly  th r e e  deg rees  o f 
a r c .
Procedu re .  S u b je c ts  were i n s t r u c t e d  to  read  th e  
se n te n c e s  t o  them selves and to  use th e  a s t e r i s k  both a s  a 
f i x a t i o n  p o in t  and as a cue t o  name th e  fo l lo w in g  word a s  
q u ic k ly  as  p o s s ib le .  The s t im u lu s  i te m s  were p re se n te d  i n  a 
f ix e d  o r d e r .  The 500 msec f in a l -w o rd  d u ra t io n  c o n d i t io n  
always preceded th e  83 msec c o n d i t io n .  The seguence w ith in  
each c a teg o ry  was: fo u r  p r a c t i c e  i s o l a t e d  words, e ig h t  t e s t
words, fo u r  p r a c t i c e  s e n te n c e s ,  48 t e s t  s e n te n c e s ,  two 
p r a c t i c e  i s o l a t e d  words, e i g h t  t e s t  words. W ithin each 
seguence o f  words and i te m s ,  freguency of usage and l e v e l  o f 
c o n te x t  were randomly v a r ie d .  P re s e n ta t io n  r a t e  was always 
two words per second and th e  i n t e r - t r i a l  i n t e r v a l  was t h r e e  
seconds .
R e su l ts
T r i a l s  on which th e  equipment f a i l e d  or when the  
re sp o n se  was i n c o r r e c t  each accounted  f o r  about 2% o f  th e  
re sp o n se s .  The m issing  d a ta  n e c e s s i t a t e d  s e p a ra te  a n a ly se s :  
(1) using  s u b je c t s  as th e  random f a c t o r  while averag ing  
a c ro s s  i tem s , and (2) using i tem s  a s  th e  random f a c t o r  w hile  
av erag in g  a c ro s s  s u b j e c t s .  A q u as i-P  s t a t i s t i c  cou ld  no t be 
computed d i r e c t l y ,  so th e  a n a ly se s  were combined using the  
min-F* procedure  (C la rk , 1973) to  a llow  g e n e r a l i z a t io n  
a c ro s s  item s and s u b je c t s .
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Before th e  d a ta  was an a ly ze d ,  th e  e f f e c t  o f  th e  extreme 
sc o re s  was muted by a p rocedure  t h a t  e s t a b l i s h e d  a c u to f f  a t  
+2 SD of th e  s u b je c t  o r  item  mean, whichever was more 
extrem e. Any in d iv id u a l  s c o re  more extreme th an  the  c u to f f  
va lue  was re p la c e d  by t h a t  c u to f f  v a lu e .  Approximately 3% 
of th e  s c o re s  were a f f e c t e d  by t h i s  p ro cedu re . The only  
e f f e c t  o f  t h i s  t r a n s fo rm a t io n  was a s l i g h t  a c ro s s - th e -b o a rd  
in c r e a s e  in  F -v a lu e s .
One e n t i r e  item  in  th e  h ig h -f re q u e n c y ,  83 msec 
c o n d i t io n  was f i lm ed  i n c o r r e c t l y  and had to  be d isc a rd e d  fo r  
a l l  s u b j e c t s .  I t  was rep la ce d  by th e  a b i l i t y  group mean fo r  
a l l  s u b je c t s ,  so t h a t  an equal-N a n a l y s i s  could  be 
perform ed.
The a n a ly s i s  of v a r ian ce  i s  p re s e n te d  i n  Table  2 . 
There i s  an obvious c o n te x t  e f f e c t  (£ < .0 0 1 ) .  I t  can be 
seen q u i te  c l e a r l y  in  F ig u re  6. I tem s in  th e  h ig h e s t  l e v e l  
o f  c o n te x t  were named 82 msec f a s t e r  th an  th e  middle l e v e l ,  
and th e  middle l e v e l  57 msec f a s t e r  than  th e  low l e v e l .  The 
low l e v e l  was named 10 msec f a s t e r  th an  th e  n o n -co n tex t  
c o n t r o l ,  bu t t h i s  d i f f e r e n c e  was n o t  s i g n i f i c a n t .  There i s  
a c l e a r  f reguency  e f f e c t  (see  F ig u re  6 ):  common words were
pe rce iv ed  an average  27 msec f a s t e r  than  l e s s  common words.
There was a c o n te x t-b y -f re q u e n c y  i n t e r a c t i o n  t h a t  was 
s i g n i f i c a n t  with s u b je c t s  a s  th e  random f a c t o r  (F = 15 .3 , 
£ < .0 0 1 ) ,  bu t i t  was i n s i g n i f i c a n t  with i tem s  a s  the  random 
f a c t o r .  The i n t e r a c t i o n ,  as shown in  F ig u re  6 , in v o lv e s  a 
d e c rea se  of the  frequency  e f f e c t  a t  h ig h e r  l e v e l s  o f
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Table 2
Analysis of Variance on Reaction-Time Data, Experiment 2
Source df 1 Fia df 2 F2b df' min F ,c
Ability (A) 1/112 197.6 1/22 3.9 1/116 3.82
Duration (D) 1/112 6.8 1/22 8.0 1/66 3.68
Context (C) 3/112 59.5 3/66 118.8 3/130 39.64***
Word Frequency (F) 1/112 9.3 1/22 45.7 1/32 7.73**
AD 1/112 4.1 1/22 0.9 1/134 0.74
AC 3/112 0.4 3/66 0.3 3/175 0.17
DC 3/112 3.2 3/66 14.2 3/96 2.61
AF 1/112 6.8 1/22 6.2 1/78 3.24
DF 1/112 0.01 1/22 0.3 1/23 0.01
CF 3/122 2.4 3/66 15.3 3/87 2.07
ADC 3/112 0.2 3/66 0.1 3/177 0.07
ADF 1/112 0.1 1/22 0.0 1/112 0.00
ACF 3/112 1.7 3/66 2.0 3/158 0.92
DCF 3/112 0.9 3/66 7.1 3/83 0.80
ADCF 3/112 1.0 3/66 1.2 3/157 0.55
For these values, the dependent variable is the item mean RT,
averaged across subjects.
For these values, the dependent variable is the subject mean RT,
averaged across all items in a particular group.
CThe min-F1 equals x F2
Fx + F2
**p <.01
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Figure 6. Experiment 2: Effect of word frequency at different
levels of context.
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c o n te x t .
There were no o th e r  s i g n i f i c a n t  e f f e c t s ,  a l th o u g h  a few 
approached s i g n i f i c a n c e .  There a re  a t  l e a s t  two p o s s ib le  
rea so n s  f o r  t h i s  lack  o f  s ig n i f i c a n c e .  The f i r s t  i s  t h a t  
th e  min-F* i s  a c o n s e rv a t iv e  s t a t i s t i c .  Nothing much can be 
done about t h i s  a s id e  from paying some a t t e n t i o n  to  th e  F*s 
in  Table 2 t h a t  a r e  based on e i t h e r  s u b j e c t s  o r  i te m s  as  th e  
random f a c t o r ,  but no t bo th . The second p o in t  i s  t h a t  while 
th e  words in  each group had th e  same average  le n g th ,  th e re  
was a good d e a l  o f v a r i a b i l i t y .  S ince le n g th  i s  known to  
a f f e c t  naming tim e ( c . f . Cosky, 1975), i t  i s  l i k e l y  t h a t  
th e  i te m -w ith in -g ro u p  e r r o r  term  i s  l a r g e r  th an  i t  might 
o th e rw ise  have been. T here fo re  an a n a l y s i s  of co v a r ian c e  
was performed with i tem s a s  th e  random f a c t o r  and number o f  
l e t t e r s  pe r  word as th e  c o v a r i a t e .  New min-F*s were 
computed as  shown in  Table  3. I t  shou ld  be no ted  t h a t  the  
min-F*s in  Table  3, while g e n e ra l i z a b le  a c r o s s  s u b j e c t s ,  a r e  
a p p l ic a b le  only t o  r e p r e s e n ta t iv e  o r  random samples drawn 
from th e  e n t i r e  le x ic o n ,  as has been done i n  t h i s
experim ent.
The e f f e c t  f o r  d u ra t io n  i s  now s i g n i f i c a n t ,  with th e  
lo n g e r  d u ra t io n  words be ing  named an average  23 msec f a s t e r .  
The p r o je c to r  n o ise  was d i f f e r e n t  f o r  th e  two l e v e l s  o f
d u ra t io n — th e r e  was a f a s t e r  tempo f o r  th e  s h o r t e r  
d u ra t io n s .  Although s u b je c t s  were re q u i r e d  to  wear
heavy-duty  h e a d se ts  to  d im in ish  any e f f e c t s  o f  p r o j e c to r
n o i s e ,  t h i s  confound may s t i l l  have e x i s te d .
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Table 3
Analyses of Variance and Covariance on Reaction- 
Time Data, Experiment 2
Source df 1 F1 df 2 f 2 df' min F'
Ability (A) 1/112 197.2 1/22 3.9 1/117 3.82
Duration (D) 1/112 11.7 1/22 8.0 1/94 4.75*
Context (C) 3/112 80.5 3/66 118.8 3/147 47.98***
Word Frequency (F) 1/112 15.6 1/22 45.7 1/39 11.63**
AD 1/112 4.1 1/22 0.9 1/134 0.74
AC 3/112 0.4 3/66 0.3 1/176 0.17
DC 3/112 4.7 3/66 14.2 3/110 3.53
AF 1/112 6.8 1/22 6.2 1/79 3.24
DF 1/112 0.0 1/22 0.3 1/22 0.00
CF 3/112 3.2 3/66 15.3 3/95 2.65
ADC 3/112 0.2 3/66 0.1 3/177 0.07
ADF 1/112 0.1 1/22 0.0 1/112 0.00
ACF 3/112 1.7 3/66 2.0 3/159 0.92
DCF 3/112 1.0 3/66 7.1 3/85 0.87
ADCF 3/112 1.0 3/66 1.2 3/158 0.55
Note. Columns are as in Table 2, except that Fj! is based on
analyses of covariance,, with number of letters as the covariate
* 2  <  .05




Sentence c o n te x t  can g r e a t l y  reduce th e  tim e r e q u ire d  
to  name th e  f i n a l  word o f a sen ten ce— in  c l e a r  c o n t r a d ic t io n  
to  F o r s t e r ' s  (1976) c la im s .  The reaso ns  f o r  t h i s  d i s p a r i t y  
have a lre a d y  been a l lu d e d  t o .  F i r s t*  F o r s te r  d id get 
e f f e c t s  i n  th e  a p p ro p r ia te  d i r e c t i o n  even though they  were 
g e n e ra l ly  i n s i g n i f i c a n t .  Secondly, F o r s te r  in te rm in g le d  
m eaningful and nonsense se n ten c es  in  such a manner t h a t  
s u b je c t s  had no way o f knowing i f  a g iven  s t im u lu s  would 
indeed  be cong ruen t with th e  c o n te x t .  F i n a l l y ,  F o r s te r  had 
no m e tr ic  f o r  th e  l e v e l  of c o n te x t  used in  h i s  s tu d y .
a t  f i r s t  g lan ce , th e  p re s e n t  r e s u l t s  would c l e a r l y  
su p p o rt  M orton 's  (1969) logogen model, o r some e x te n s io n  o f  
i t ,  i n  f a v o r  o f  a model t h a t  proposes a l e x i c a l  memory 
o rgan ized  acco rd ing  to  sensory  p a ram ete rs .  F o r s te r  ad m its  
t h a t  sem antic  in fo rm a tio n  cannot a id  a se a rc h  p ro ce ss  
through a memory o rgan ized  on a sensory b a s i s .  Morton, a s  
can be seen  in  F igu re  1, p roposes a c e n t r a l  r o l e  fo r  
sem antic  in fo rm a tio n .  U n fo r tu n a te ly ,  he does no t sp e c i fy  
th e  mechanism by which sem antic  c o n te x t  can e x c i t e  th e  
r e l e v a n t  lo gog en s . This problem would be solved i f  the  
logogens were o rgan ized  s e m a n t ic a l ly ,  but i t  would c r e a t e  a 
new problem, mentioned e a r l i e r ,  in  t h a t  i t  would no t e x p la in  
how sen so ry  in fo rm a tio n  could  le a d  to  c o r r e c t  p e rc e p t io n s  in  
th e  absence of sem antic  in fo rm a tio n .  For re a so n s  given in  
th e  in t r o d u c t io n  to  t h i s  experim en t,  th e re  c a n ' t  be both a
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sem an tic  and sensory  o rg a n iz a t io n  in  a s i n g l e  le x ic o n .
F o r s te r  d id  a llow  f o r  p e rc e p t io n  t o  be a ided  by the
se n te n c e -p ro d u c t io n  a p p a ra tu s ,  bu t  th o u g h t t h a t  i t  would be 
to o  slow in  comparison to  l e x i c a l  a ccess  based on senso ry
in fo rm a tio n .  The d i f f e r e n c e  between sem antic  in fo rm a tio n  
and th e  se n ten c e  production  a p p a ra tu s  a id in g  p e rc e p t io n  i s  
th e  d i f f e r e n c e  between u s in g  th e  c o n te x t  to  compute a l l  
p o s s ib le  co n g ru en t words and using  i t  to  compute j u s t  one o r  
two—th e  d i f f e r e n c e ,  in  e f f e c t ,  between u s in g  th e  c o n te x t  a s  
in fo rm a tio n  in  the  t r a d i t i o n a l  sense  o f  number of b i t s  and 
using  i t  t o  form g uesse s .
The s e n te n c e -p ro d u c t io n  h y p o th e s is  does n o t  in v o lv e
consc ious  g u e ss in g ;  r a t h e r  i t  in v o lv e s  speeded, o n - l in e ,  
in v o lu n ta ry  guess ing  as  su gges ted  by G a r r e t t  ( in  p r e s s ) . 
The two a l t e r n a t i v e s  d e sc r ib e d  above le a d  t o  d i f f e r e n t  
p r e d i c t i o n s  w ith  r e s p e c t  to  th e  e f f e c t s  o f th e  d i f f e r e n t  
l e v e l s  of c o n te x t .  The low le v e l  o f c o n te x t ,  where th e  
words were f i l l e d  in  by one to  f i v e  p e rc e n t  o f  th e  peop le  
who to ok  th e  se n ten c e  com pletion  t a s k ,  s t i l l  c a r r i e s  a g r e a t  
d e a l  o f  in fo rm a t io n .  I t  reduces  th e  u n c e r t a in ty  from one in  
40,000 (a c o n se rv a t iv e  e s t im a te  o f  the  e n t i r e  lex icon )  to  a t  
l e a s t  one in  100. This i s  e q u iv a le n t  t o  c a r r y in g  n ine  b i t s  
of in fo rm a tio n  ( c . f .  G arner, 1962). In  com parison, the  
frequency  e f f e c t  shows up q u i te  c l e a r l y  f o r  words whose 
f re q u e n c ie s  a re  one in  10,000, c a r ry in g  on ly  about two b i t s  
o f  in fo rm a tio n .  The low l e v e l  of c o n te x t  d id  n o t  d i f f e r  
s i g n i f i c a n t l y  from no c o n te x t ,  even though th e  in fo rm a tio n a l
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a n a ly s i s  would have p re d ic te d  a whopping e f f e c t .  The 
guess ing  a l t e r n a t i v e ,  on th e  o th e r  hand, would p r e d ic t  t h a t  
l e s s  th an  one in  20 would make th e  c o r r e c t  guess . I t  i s  no t 
l i k e l y  on any p a r t i c u l a r  item t h a t  more th an  one, o r  a t  most 
two, of th e  24 s u b je c t s  would guess c o r r e c t l y  and th u s  be
a ided  by the  lo w est  l e v e l  of c o n te x t .  This would n o t  be
n e a r ly  enough to  show up a s  a s i g n i f i c a n t  e f f e c t .
The guess ing  model a ls o  p r e d i c t s  t h a t  th e  d i f f e r e n c e  
between th e  h ig h e s t  l e v e l  of c o n te x t  and th e  middle l e v e l  
should  be about equal t o  th e  d i f f e r e n c e  between th e  middle
l e v e l  and no c o n te x t .  This i s  because s u b je c t s  w i l l  guess
r i g h t  c lo s e  to  100% of the  tim e f o r  th e  h ig h e s t  l e v e l ,  about 
50% fo r  th e  middle l e v e l ,  but w i l l  make no guesses  when 
th e r e  i s  no c o n te x t .  A c tu a l ly ,  i f  i n c o r r e c t  guesses  produce 
some i n t e r f e r e n c e ,  then  th e  d i f f e r e n c e  between th e  h ig h e s t  
and middle l e v e l s  may be s l i g h t l y  g r e a t e r  than the 
d i f f e r e n c e  between the  middle l e v e l  and n o -co n te x t  
c o n d i t io n s .  This i s  e x a c t ly  what happened, with th e  f i r s t  
d i f f e r e n c e  being  82 msec a s  compared with 67 msec. The 
in fo rm a t io n a l  a n a ly s i s  would say t h a t  th e r e  i s  a o n e -b i t  
d i f f e r e n c e  between the  h ig h e s t  and m iddle l e v e l s ,  a s  
compared w ith an e i g h t - b i t  d i f f e r e n c e  between th e  middle 
l e v e l  and th e  no -co n tex t  l e v e l ,  and would th e r e f o re  have 
p re d ic te d  a much g r e a t e r  d i f f e r e n c e  between th e  middle- and 
n o -co n te x t  c o n d i t io n s  a s  between th e  m iddle- and 
h ig h -c o n te x t  c o n d i t io n s .
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There i s  one f i n a l  p re d ic t io n  t h a t  i s  made by the 
guessing  model. I f  a word i s  guessed  c o r r e c t l y ,  th en  
l e x i c a l  se a rc h  i s  bypassed , and th e r e  w i l l  be no frequency  
e f f e c t .  In  f a c t ,  t h e r e  was no frequency  e f f e c t  f o r  the  
h ig h e s t  l e v e l ,  and the  frequency  e f f e c t  f o r  th e  middle l e v e l  
was l e s s  than  t h a t  f o r  e i t h e r  th e  lo w est  l e v e l  o r n o -co n te x t  
c o n d i t io n s .  (See F igure  6.)
The phenomenal ex p e r ien ce  o f  th e  s u b je c t s  a l s o  s t r o n g ly  
su p p o r ts  g u e ss in g .  & la r g e  number o f th e  e r r o r s  were e r r o r s  
of a n t i c i p a t i o n ,  made when s u b je c t s  guessed  i n c o r r e c t l y .  
Many s u b je c t s  l a t e r  r e p o r te d  having been fo o led  by some o f  
th e  s e n te n c e s ,  even though t h e  se n te n c e s  were a l l  p e r f e c t l y  
normal and meaningful (see Appendix B).
The gu ess ing  e x p la n a t io n  i s  supported  f u r t h e r  by 
r e s e a rc h  ( e .g .  K o le rs ,  1970) i n to  e r r o r s  found in  the  
read in g  of tran sfo rm ed  t e x t .  Almost a l l  e r r o r s  were 
s e m a n t ic a l ly  congruent with th e  p reced ing  t e x t  and can be 
i n t e r p r e t e d  as  i n c o r r e c t  g u esse s .
A m ethodo log ical problem t h a t  needs t o  be add ressed  i s  
th e  g u e s t ic n  of the  adequacy of th e  i s o l a t e d  words as th e  
p roper c o n t r o l  fo r  th e  n o -c o n te x t  c o n d i t io n .  A fte r  a l l ,  i n  
a d d i t io n  to  t h e r e  being no c o n te x t ,  t h e r e  i s  a l s o  no s t r i n g  
o f  s t im u l i  le a d in g  up to  th e  f i n a l  to-be-named s t im u lu s .  
Schuberth and Eimas (1977) add ressed  t h i s  i s s u e  in  a study  
which looked a t  th e  e f f e c t s  o f  c o n te x t  on l e x i c a l  d e c is io n .  
RT's f o r  i s o l a t e d  words were compared to  th o se  f o r  words 
appearing  a f t e r  a sequence such a s  "one, t h r e e ,  e i g h t ,
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f i v e . " The r e s u l t  o f  t h e  sequence o f  number-words was to  add 
a c o n s ta n t  to  th e  r e a c t io n  tim e a c ro s s  a l l  c o n d i t io n s .  I t  
was concluded t h a t  i s o l a t e d  words d id  r e p r e s e n t  th e  b e t t e r  
c o n t r o l .
In summary, t h i s  and the  p rev io u s  experim ent p rov ide  
converging  l i n e s  of ev idence  t h a t  sem antic  c o n te x t  can be 
used to  speed p e rc e p t io n  in  t a s k s  t h a t  approxim ate  normal 
r e a d in g .  The p r e s e n ta t io n  r a t e  o f  120 words p e r  minute used 
in  th e  p re s e n t  experim ent was speeded up in  th e  fo l lo w in g  
experim ent to  see  i f  th e  c o n te x t  e f f e c t  f a l l s  o f f ,  even 
though t h i s  r a t e  i s  n o t  much d i f f e r e n t  from a t y p i c a l  vocal 
rea d in g  r a t e .
C ontex t appea rs  t o  f a c i l i t a t e  p e rc e p t io n  only  when 
words a re  h ig h ly  p r e d ic ta b le  from th e  c o n te x t ,  b u t  t h i s  
s i t u a t i o n  i s  no t  uncommon i n  normal prose  ( e .g .  Coleman & 
H i l l e r ,  1968) .
F i n a l l y ,  th e  r e s u l t s  do no t r e a l l y  r e j e c t  F o r s t e r ' s  
(1976) model o r  H o r to n 's  (1969) logogen model; th ey  merely 
r e q u i r e  t h a t  both models be extended to  accoun t f o r  the  use 
of th e  p ro d u c tio n  a p p a ra tu s  t o  a id  i n  th e  p e rc e p t io n  o f  
p r in te d  words.
CHAPTER VI
EXPERIMENT 2A: SENTENCE CONTEXT WITH FAST PRESENTATION
There i s  a problem w ith  app ly ing  th e  r e s u l t s  of 
Experiment 2 to  normal r e a d in g .  The p r e s e n ta t io n  r a t e —2 
words per second or 120 words per  m inute—was somewhat 
slow er th a n  a normal re a d in g  r a t e .  (For th e  s u b je c t s  used 
in  Experiment 2, i t  ranged  from 132 t o  387 words per m inu te , 
w ith  a mean of 258). The r e l a t i v e l y  slow p r e s e n ta t io n  could 
conce ivab ly  have allowed time f o r  th e  guess ing  t o  be more 
i n t e n t i o n a l  than  p e rc e p tu a l .  S ince  th e  warning a s t e r i s k  was 
v i s i b l e  f o r  only o n e -h a l f  second in  Experiment 2 ,  th e  
p o s s i b i l i t y  o f c o n sc io u s ,  d e l i b e r a t e  g uess ing  seems rem ote. 
However, t h e r e  would be s t ro n g e r  su p p o rt  f o r  the  
p e rc e p tu a l-g u e s s in g  e x p la n a t io n  o f  th e  c o n te x t  e f f e c t  i f  i t  
could  be dem onstra ted  t h a t  th e  e f f e c t  i s  not dependent on 
p r e s e n ta t io n  r a t e  and warning t im e .
Method
S u b je c t s . T h ir te e n  new v o lu n te e r s ,  a l l  s tu d e n ts  in  an 
in t r o d u c to r y  psychology c o u rs e ,  p a r t i c i p a t e d  in  th e  
experim ent.
P rocedure . The f i r s t  h a l f  of Experiment 2 (500
msec-word co n d it io n )  was r e p l i c a t e d .  The only d i f f e r e n c e  
was t h a t  th e  f i lm  speed was doubled to  fo u r  frames per 
second, r e s u l t i n g  in  a p r e s e n ta t io n  r a t e  o f  240 words per
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minute and a r e d u c t io n  in  th e  warning tim e and f in a l -w o rd  
d u ra t io n  from 500 msec to  250 msec. The i n t e r - t r i a l
i n t e r v a l  would have been reduced from th r e e  seconds to  one
and o n e - h a l f r b u t  t h i s  appeared to  be to o  s h o r t .  The f i lm
was stopped between each t r i a l ,  so t h a t  th e  i n t e r - t r i a l
i n t e r v a l  averaged about f iv e  seconds. I n  a l l  o th e r  
r e s p e c t s ,  th e  procedure was i d e n t i c a l  to  t h a t  used in  
Experiment 2.
R e su l ts
The b a s ic  r e s u l t s ,  analyzed  as  in  Experiment 2 , a re  
c l e a r l y  seen in  F ig u re  7. O v e ra l l ,  th e  p a t t e r n  i s  s i m i l a r  
to  t h a t  shown in  F ig u re  6 , where th e  p r e s e n ta t io n  r a t e  was 
s low er. Context produced an e f f e c t  f o r  both  h igh- and 
lcw -freguency  words on ly  a t  th e  middle and high  l e v e l s  o f  
c o n te x t .  The p re s e n t  r e s u l t s  show an i n s i g n i f i c a n t  
advantage fo r  h ig h -frequency  words a t  th e  middle l e v e l  of 
c o n te x t  and a 51 msec advantage  f o r  low -freguency  words a t  
th e  h ig h e s t  l e v e l  of c o n te x t .  The ap p aren t  i n t e r a c t i o n  in  
F igu re  7 does no t y i e ld  a s i g n i f i c a n t  min-F* (Table 4: £ <
.0 5 ) .  The la c k  o f  s ig n i f i c a n c e  came from th e  high  
w ith in - i tem  v a r ia n c e ,  and, as Table 4 shows, th e  i n t e r a c t i o n  
can be g e n e ra l iz e d  a c ro s s  s u b je c t s  but no t i te m s .  The 
p o s s i b i l i t y  e x i s t s  t h a t  th e re  i s  something s l i g h t l y  p e c u l ia r  
about th e  h ig h -c o n te x t  i te m s , a t  l e a s t  i n  term s of the  
frequency e f f e c t .  (R eca ll  t h a t  in  Experiment 2 th e  
frequency e f f e c t  a l s o  rev e rse d  a t  th e  h ig h e s t  l e v e l  o f  
c o n te x t ,  a lthough  to  a much sm a lle r  d e g re e .)  Before  too  much
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i s  made o f  t h i s  r e v e r s a l ,  th e  experim ent must be r e p l i c a t e d  




E rro r  
Term 1
df
E rro r 1 FI
E r ro r  
Term 2
d f
E rro r 2 F2 d f »
Min. 
F *
C 3 I(CF) 56 20.8 SC 36 14.7 3/92 8.6**
F 1 I  (CF) 56 0.2 sc 12 0 .7 1/2 0.2
CF 3 I(CF) 56 3.5 SCF 36 10.6 3/60 2 .6
* * * £  < . 0 0 1
The o v e r a l l  c o n te x t  e f f e c t  was on ly  s l i g h t l y  sm a lle r  in  
Experiment 2a a s  compared with Experiment 2. The d i f f e r e n c e  
between th e  high  and low l e v e l s  o f c o n te x t  was 100 msec in  
Experiment 2a and 140 msec in  Experiment 2 . There can be 
two e x p la n a t io n s  f o r  t h i s  s l i g h t  d e c re a se .  One i s  t h a t  th e  
p r e s e n ta t io n  r a t e s  were s l i g h t l y  h ig h e r  than  the  normal 
rea d in g  r a t e s  of th e  s lo w e s t  r e a d e r s  in  Experiment 2 , and 
perhaps h ig h e r  th an  th e  re a d in g  r a t e s  o f  some o f  th e  
p a r t i c i p a n t s  o f th e  p re s e n t  experim ent. The second i s  t h a t  
th e  tim e per word was a c o n s ta n t  250 msec, which may have 
caused a problem with some of th e  lo n g e r  words. T h e re fo re ,  
some people may have o c c a s io n a l ly  missed some o f  th e  




















The r e s u l t s  of t h i s  experim ent complement th e  r e s u l t s  
o f  th e  p rev io u s  one, and make i t  more rea so n a b le  to  
g e n e r a l i z e  th e  f in d in g s  to  normal rea d in g :  c o n te x t  can be
used i n  norm al, s i l e n t  re a d in g  to  speed up th e  p e rc e p tu a l  
p ro c e s s .  The o n e -w o rd -a t-a - t im e  p r e s e n ta t io n  used in  th e s e  
experim en ts  d i f f e r s  from normal r e a d in g ,  bu t once 
p r e s e n ta t io n  r a t e s  a re  made e q u iv a le n t  t o  normal re a d in g  
r a t e s ,  th e  s in g le -w o rd  p r e s e n ta t io n  sh o u ld ,  i f  an y th in g ,  
make use o f  th e  c o n te x t  more d i f f i c u l t ,  because  i t  a l lo w s  
minimal f l e x i b i l i t y .
I f  c o n te x t  can be used in  t h i s  more d i f f i c u l t  form of 
p r e s e n t a t i o n ,  i t  most c e r t a i n l y  could  be used in  normal 
re a d in g .  Of c o u rs e ,  "cou ld"  does n o t  n e c e s s a r i l y  imply 
" d o e s ."  I t  i s  p o s s ib le  t h a t  t h e  p re p a ra to ry  warning—even i f  
i t  l a s t s  on ly  250 msec— may allow  s u b je c t s  to  use some 
a l t e r n a t i v e  p e rc e p tu a l  s t r a t e g y  no t common to  normal 
r e a d in g .  The f a s t  p r e s e n ta t io n  r a t e s  make t h i s  p o s s i b i l i t y  
h ig h ly  u n l ik e ly ,  b u t  th e  i d e a l  experim ent has ye t  to  be 
done—t o  have s u b je c t s  say each word a s  q u ick ly  a s  p o s s ib le ,  
w hile  measuring th e  BT to  c e r t a i n  key words whose l e v e l  of 
c o n te x tu a l  c o n s t r a i n t  has a l re a d y  been de te rm ined . But to  
perm it o r a l  r e a d in g ,  a r a t e  s low er than  240 words per m inute 
may be r e q u i r e d ,
CHAPTER VII
EXPERIMENT 3: TACHISTOSCOPIC RECOGNITION
Almost none o f  th e  hundreds o f  s t u d i e s  on 
t a c h i s to s c o p ic  word p e rc e p t io n  have a ttem p ted  to  r e l a t e  
read ing  a b i l i t y  t o  t a c h i s to s c o p ic  perfo rm ance . The only 
study  t h a t  d id  ( G i lb e r t ,  1959) found a s i g n i f i c a n t  advantage  
fo r  good r e a d e r s  when th e  s t i m u l i  c o n s is te d  of word p h rases  
but was in ad eq u a te  f o r  r e l a t i n g  perform ance on s in g l e  words 
because o f  a c e i l i n g  e f f e c t  in  th e  d a ta .
Thurstone (19HU) compared f a s t  and slow re a d e rs  on a 
ta s k  where the  words were m u ti la te d  ( i . e . ,  p a r t s  were 
m is s in g ) . On t h i s  t a s k ,  which i s  s im i l a r  to  t a c h i s to s c o p ic  
p r e s e n ta t io n  in  t h a t  th e  sensory  in fo rm a tio n  i s  
im poverished , th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between 
f a s t  and slow r e a d e r s ,  e i t h e r  on th e  number of e r r o r s  made, 
o r  on th e  tim e re q u ire d  to  i d e n t i f y  words, or on a com posite  
of th e  two.
I f  t h e r e  i s  a c o r r e l a t i o n  between re a d in g  a b i l i t y  and 
p e rc e p tu a l  a b i l i t y ,  t h e r e  a re  a t  l e a s t  two p o s s ib le  ways o f  
accoun ting  f o r  i t .  B e t te r  r e a d e r s  perform b e t t e r  f o r  a l l  
ty p e s  o f  s t i m u l i .  B e t te r  r e a d e r s  perform b e t t e r  only  when 
th e  s t im u l i  a re  words, because  th ey  can se a rc h  t h e i r  
le x ic o n s  more q u ic k ly ,  o r  because  words c o n ta in  a g r e a t  d e a l  
of i n t e r n a l  redundancy t h a t  may be a v a i l a b l e  t o  s k i l l e d
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re a d e rs  ( e .g .  frequency o f  usage, knowledge of p e rm is s ib le  
l e t t e r  com bin a tions , l e t t e r - p a i r  f re q u e n c y ,  e t c . ) .  
Broadbent and Gregory (1960) found t h a t  average digram 
frequency does have an e f f e c t  on p e rc e p t io n .  I t  i s  common 
knowledge t h a t  more common words can be p e rce iv ed  a t  s h o r te r  
d u ra t io n s  ( e .g .  C a t t e l l ,  1886/1947). The purpose o f  t h i s  
s tu dy  i s  t o  de term ine  i f  t h e r e  i s  an o v e r a l l  r e l a t i o n s h i p  
between re a d in g  a b i l i t y  and p e rc e p tu a l  a b i l i t y  and , i f  so, 
t o  see  i f  t h a t  r e l a t i o n s h i p  can be p in p o in te d  in  term s of an 
i n t e r a c t i o n  between read in g  a b i l i t y  and some measure o f 
i n t e r n a l  redundancy.
Method
S u b je c t s . The same 24 peop le  who p a r t i c ip a te d  in  
Experiments 1 and 2 were used, with two e x c e p tio n s .  % 
p rocedu ra l  improvement was i n s t i t u t e d  a f t e r  two o f  th e  24 
s u b je c t s  (LR and EM) had a lre a d y  p a r t i c i p a t e d ,  and they  were 
rep la ce d  by two o th e r s  (SS and RH) chosen from th e  group of 
60 who had taken  th e  Davis t e s t .  The rep lacem en ts  were 
roughly  e q u iv a le n t  in  term s of Davis s c o re s  and SAT s c o re s .
S tim u lus  m a te r i a l s .  Words were chosen accord ing  to  
c r i t e r i a  f o r  word frequency  and average  digram frequency and 
s e q u e n t i a l  l e t t e r  p r o b a b i l i t i e s .  There were two groups of 
words based on th e  word f re q u e n c ie s :  th o se  with h igh
w o rd -freq uenc ies  (HWF) of over 100 o ccu rren ces  per m i l l io n ,  
and th o se  with low w o rd -fre q u en c ie s  (LWF) o f  between 5 and 
25  o ccu rren ces  per  m i l l io n ,  a s  based on th e  Kucera and 
F ra n c is  (1967) word freq uency  c o u n t .  Both digram frequency
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and s e q u e n t i a l  l e t t e r  p r o b a b i l i t y —c a lc u la t e d  over th e  
e n t i r e  Kucera and F ra n c is  corpus summed bo th  i^y word 
p o s i t io n  and over a l l  word p o s i t i o n s —were used as  j o i n t  
c r i t e r i a .  Digram frequency i s  simply th e  sum o f  th e  
f re q u e n c ie s  o f  th e  n-1 digrams in  any n - l e t t e r  word. 
S e q u e n t ia l  l e t t e r  p r o b a b i l i t y  i s  th e  sum of the  c o n d i t io n a l  
p r o b a b i l i t i e s  o f a l l  l e t t e r s  ex cep t th e  f i r s t ,  given th e  
p reced ing  l e t t e r .  S ince each s t a t i s t i c  i s  c a lc u la te d  two 
ways, a t o t a l  o f  fo u r  numbers a re  o b ta in ed  f o r  each word. 
In  o rd e r  to  q u a l i f y  f o r  low d igram -frequency  (LDF), a word 
had to  be low in  a l l  f o u r  c a t e g o r i e s .  S im i la r ly ,  h igh  
d ig ram -frequency  (HDF) words were high in  a l l  fo u r  
c a te g o r ie s .  There was no o v e r la p  in  any o f  th e  fo u r  
c a te g o r ie s  between words in  th e  HDF and LDF groups; i . e .  
th e  low est  va lue  of any HDF word was h ig h er  th an  th e  h ig h e s t  
o f any LDF word.
Words were e i t h e r  f o u r ,  f i v e ,  o r  s i x  l e t t e r s  in  l e n g th ,  
with an e q u a l  number o f  words in  each c a te g o ry .  The two 
l e v e l s  of word frequency  by two l e v e l s  of digram frequency  
by th r e e  l e v e l s  of word le n g th  combine f a c t o r i a l l y  to  
produce tw e lv e  c a t e g o r i e s ,  and th e r e  were fo u r  words in  each 
c a te g o ry .  (See Appendix C.) The words were typed  in  upper 
c a se  on a l a r g e - ty p e  ty p e w r i te r  ( l e t t e r s  were 5 mm high by 3 
mm wide) on in d iv id u a l  5 x 7  index  c a rd s  f o r  viewing i n  a 
S c i e n t i f i c  P ro to ty p e  (Model GB-320) 3 -chan ne l t a c h is to s c o p e .  
Random 3 - d i g i t  numbers, used in  th e  l a s t  p a r t  o f the  
experim ent, were prepared  j u s t  l i k e  th e  words.
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P rocedu re . The o bse rver  i n i t i a t e d  viewing of each 
word by p re s s in g  a te le g ra p h  key. The key p re s s  was 
im m ediate ly  fo llow ed by a f i x a t i o n  po in t  appearing  f o r  one 
second, fo llow ed by the  s t im u lu s ,  fo llow ed by a masking 
s t im u lu s ,  which was a re c ta n g le  o f  d iag o n a l c ro s s - h a tc h e s ,  
spaced about 1 mm a p a r t .  The word was i n i t i a l l y  p resen ted  
f o r  20 msec, and th e  d u ra t io n  was in c re a s e d  i n  5 msec s te p s  
up to  50 msec and in  10 msec s t e p s  t h e r e a f t e r ,  u n t i l  the 
word was c o r r e c t l y  i d e n t i f i e d .  The maximum d u ra t io n  was 110 
msec. The i n t e r v a l  between succeed ing  p r e s e n t a t i o n s  v a r ie d  
s l i g h t l y  bu t was never l e s s  th a n  f i v e  seconds.
The words were randomly grouped i n to  two b lo c k s ,  with 
two words from each f re g u e n c y - le n g th  group appearing  in  each 
b lo ck . Half o f  th e  s u b je c t s  r e c e iv e d  one b lock  f i r s t ,  h a l f  
th e  o th e r .  Half o f  the  s u b j e c t s  rec e iv e d  the  words w ith in  
each block  in  cne sequence; h a l f  in  th e  r e v e r s e  sequence. 
T here fo re  th e  mean p o s i t io n  of each word was th e  same. 
Twelve p r a c t i c e  item s preceded th e  48 t e s t  i tem s.
A number ta s k  fo llow ed th e  word t a s k .  The s t im u l i  
c o n s is te d  of randomly s e le c te d  t h r e e - d i g i t  numbers. There 
were f iv e  p r a c t i c e  i tem s and te n  t e s t  i tem s , p resen ted  in  
one f ix e d  o rd e r .  I n  a l l  o th e r  r e s p e c t s ,  th e  procedure  was 
i d e n t i c a l  t o  th e  word ta sk .
R e su l ts
Only 1X of th e  words cou ld  no t be pe rce iv ed  c o r r e c t l y  
a t  th e  110 msec d u ra t io n ,  and only s ix  o f  th e  24 s u b je c t s  
had any words in  t h i s  c a te g o ry .  These i tem s  were
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a r b i t r a r i l y  recorded  as  125 msec. This in su re d  t h a t  t h e r e  
would be no m issing d a ta  and a llow ed d i r e c t  c a l c u l a t i o n  of 
th e  q u as i-F  (Clark 1973), so t h a t  th e  r e s u l t s  could be 
g e n e ra l iz e d  a c ro s s  bo th  s u b je c t s  and i tem s  w ith in  groups.
The e f f e c t  o f  extreme v a lues  was dim inished  by
e s t a b l i s h i n g  a c u to f f  va lue  a t  +2 SD ( i . e .  i f  a value was 
more than  two s ta n d a rd  d e v ia t io n  u n i t s  away from both  the 
s u b je c t  and item  means, i t  was rep la c e d  by th e  value t h a t  
was 2 SD u n i t s  away, e i t h e r  from th e  s u b je c t  o r item mean, 
whichever was more ex trem e). T his  p rocedure  a f f e c te d  few er 
th an  5% of the  v a lu e s .  The on ly  n o t ic e a b le  change was a 
minor one in  the  item  w ith in  group v a r i a b i l i t y ,  r e s u l t i n g  in  
a sm all  in c r e a s e  in  s ig n i f i c a n c e  f o r  a l l  e f f e c t s .
The a n a l y s i s  o f  v a r ia n c e  i s  p resen ted  in  Table 5. 
I n s i g n i f i c a n t  seguence e f f e c t s  were l e f t  ou t o f th e  t a b l e  
fo r  s i m p l i c i t y .  There was a s i g n i f i c a n t  e f f e c t  f o r
f req u en cy :  th e  more common words were perce ived  a t  an
average th re s h o ld  d u ra t io n  of 38 msec a s  opposed to  44 msec 
f o r  th e  l e s s  common words.
There was a s i g n i f i c a n t  main e f f e c t  f o r  le n g th ;  and, 
as in d ic a te d  in  F ig u re  8, i t  appears  t o  be a O-shaped 
fu n c t io n :  f i v e - l e t t e r  words were p e rce iv ed  a t  s h o r t e r
d u r a t io n s  than  e i t h e r  fo u r -  o r  s i x - l e t t e r  words c o n s i s t e n t l y  
a c r o s s  both frequency  groups (£ < .0 5 ) .  S ix teen  o f  th e  24 
s u b je c t s  showed t h i s  r e l a t i o n s h i p ,  and a l l  b u t  one o f  the
o th e r s  were w ith in  two msec o f  showing i t .  An a n a ly s i s  o f  
two-way com parisons showed t h a t  th e  f i v e - l e t t e r  words were
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Table 5





Term 2 M.S. dfl/df2 F'
Ability (A) 1 S(A) AI(WDL) 4753 1/22 0.63
Word
Frequency (W) 1 SW(A) I(WDL) 11324 1/51 12.67***
Digram
Frequency (D) 1 SD (A) I(WDL) 305 2/44 0.61
Length (L) 2 SL(A) I(WDL) 2729 2/51 3.30*
Subjects (S(A)) 22 7679
AW 1 SW(A) AI(WDL) 355 2/50 1.63
AD 1 SD(A) AI(WDL) 361 2/58 2.38
WD 1 SWD(A) I(WDL) 9 0.23
AL 2 109 14/80 0.96
WL 2 SL(A) AI(WDL) 17 15/55 0.22
DL 2 SWL(A) I(WDL) 744 3/51 1.06
SW(A) 22 SDL (A) I(WDL) 188
SD (A) 22 86
SL(A) 44 62
AWD 1 SWD(A) AI(WDL) 117 7/57 1.14
AWL 2 SWL(A) AI(WDL) 554 4/80 2.18
ADL 2 SDL(A) AI(WDL) 99 16/80 0.96
WDL 2 SWDL(A) I(WDL) 3709 2/62 3.90*
SWD(A) 22 720
SWL(A) 44 119
SDL (A) 44 195













Notei. In all cases the numerator for the F' consists of the M.S.
for that term plus M.S ’SI(AWDL)*
The denominator consists of the sum
of the M. S.'s for the two error terms. The df's are as described in
Clark (1973). 












Figure 8. Experiment 3: Effects of frequency and length.
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seen a t  a s i g n i f i c a n t l y  s h o r t e r  d u ra t io n  th an  f o u r - l e t t e r  
words. No o th e r  two-way comparison was s i g n i f i c a n t .
Number o f  s y l l a b l e s  was no t h e ld  c o n s ta n t  a c ro ss  words 
of d i f f e r e n t  l e n g th s .  The words c o n ta in in g  more than  one 
s y l l a b l e  broke down a s  fo l lo w s :  one f o u r - l e t t e r  word, f i v e
f i v e - l e t t e r  words, and fo u r te e n  s i x - l e t t e r  words. The 
r e l a t i o n s h i p  between word le n g th  and number of s y l l a b l e s  was 
monotonic; th e  r e l a t i o n s h i p  between le n g th  and th r e s h o ld  
was n o t .  T h e re fo re ,  i f  number of s y l l a b l e s  a f f e c te d  th e  
t h r e s h o ld s ,  i t  d id  n o t  do so  in  any s t r a ig h t f o r w a rd  way.
The i n t e r p r e t a t i o n  of th e  le n g th -b y -f re q u e n c y  
i n t e r a c t i o n  w i l l  be d isc u sse d  a f t e r  t h e r e  i s  a c l e a r e r  
und ers tand ing  o f th e  one s i g n i f i c a n t  th ree -w ay  i n t e r a c t i o n  
(E < .0 5 ) ,  which i s  i l l u s t r a t e d  in  F ig u re s  9 and 10. For
f o u r -  and f i v e - l e t t e r  words, th e  LDF c o n d i t io n  f a c i l i t a t e d  
th e  p e rc e p t io n  of LWF words, while having e i t h e r  no e f f e c t  
o r  a n e g a t iv e  e f f e c t  f o r  HWF words. For s i x - l e t t e r  words, 
th e  r e l a t i o n s h i p  was re v e rs e d .  Each of th e  word frequency  
by digram freguency  i n t e r a c t i o n s —look ing  a t  one w ord-leng th  
group a t  a tim e— were s i g n i f i c a n t .
Beading a b i l i t y  d id  n o t  r e s u l t  in  a s i g n i f i c a n t  main 
e f f e c t ,  ncr d id  i t  c o n t r ib u te  to  any s i g n i f i c a n t  
i n t e r a c t i o n s .  Also t h e r e  was no s i g n i f i c a n t  e f f e c t  f o r  
a b i l i t y  on th e  number t a s k ,  a lth oug h  th e  e f f e c t  t h a t  was 
p re s e n t  was in  th e  expected  d i r e c t i o n  f o r  both  t a s k s .  The 
number t a s k  had in  common with th e  word ta s k  e v e ry th in g  
































Figure 9. Experiment 3: Effects of word frequency and digram
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Figure 10. Experiment 3: Effects of word frequency, digram
frequency and word length.
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s p e c i f i c  t c  words. When th e  number sc o re s  were s u b t r a c te d  
from th e  word s c o r e s ,  th e  r e s u l t ,  which r e p r e s e n ts  only th e  
w o rd -s p e c if ic  p o r t io n  o f  th e  t a s k ,  c o r r e l a t e d  s i g n i f i c a n t l y  
with re a d in g  a b i l i t y  (Pearson r  = - . 3 9 ,  £ < .0 5 ,
o n e - t a i l e d ) .
To make th e  r e s u l t s  more comparable w ith Broadbent and 
Gregory (1968), a l l  o f  th e  d a ta  f o r  the  word ta sk  were 
rean a ly zed  a f t e r  making th e  dependent v a r i a b le  dichotomous 
by e s t a b l i s h i n g  a c u to f f  a t  35 msec. Any item  t h a t  was 
p e rc e iv e d  a t  35 msec o r lower was coded as 1; a l l  o th e r  
i tem s  were coded 0. This t ra n s fo rm a tio n  produced no 
s i g n i f i c a n t  changes in  th e  p a t te rn  o f r e s u l t s .
D iscussion
Reading a b i l i t y  d id  no t produce a s i g n i f i c a n t  e f f e c t  on 
e i t h e r  t h e  word t a s k  o r number t a s k .  Performance on the
word ta s k ,  however, can be though t of as  c o n s i s t in g  o f  two
components. One would be g e n e ra l  p e rc e p tu a l  a b i l i t y ,  a 
component shared  w ith th e  number t a s k .  The o th e r  component, 
s p e c i f i c  t c  words, would be an a b i l i t y  t o  ta k e  advantage  o f  
th e  i n t e r n a l  redundancy t h a t  i s  in  words. The p e r t in e n c e  of 
th e s e  two components i s  borne ou t by th e  c o r r e l a t i o n a l
a n a ly s i s :  n e i th e r  the  sc o re s  on th e  word ta s k  nor th e
number t a s k  c o r r e l a t e d  s i g n i f i c a n t l y  with rea d in g  a b i l i t y .  
When th e  number s c o re s  were s u b t r a c te d  from th e  word s c o r e s ,  
t h e  r e s u l t i n g  v a r i a b le — a measure o f th e  second
component— did c o r r e l a t e  with read in g  a b i l i t y  as  measured by 
th e  Davis t e s t .
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One ty pe  o f i n t e r n a l  redundancy i s  word frequen cy .
There i s  not even a su g g e s t io n  in  th e  r e s u l t s  t h a t  
d i f f e r e n t - l e v e l  r e a d e r s  d i f f e r e n t i a l l y  took  advantage  of 
word freq u en cy . There i s  a su g g e s t io n  i n  th e  a n a ly s i s  o f  
v a r ia n c e ,  however, t h a t  b e t t e r  r e a d e r s ,  a s  determ ined by the 
Davis speed o f comprehension s c o r e ,  were s l i g h t l y  more a b le  
(by 2 .3  msec) to  tak e  advantage of th e  in fo rm a tio n  c a r r i e d
by digram frequency  and s e q u e n t i a l  l e t t e r  p r o b a b i l i t y  
(£ < . 1 ,  t w o - t a i l e d ) .
In  a d d i t io n  to  look ing  a t  read in g  a b i l i t y ,  one can a ls o  
t r e a t  t h i s  experim ent a s  a r e p l i c a t i o n  o f th e  Broadbent and 
Gregory (1968) ex p erim en t.  There a re  o n ly  two im p o r tan t  
d i f f e r e n c e s .  Broadbent and Gregory used on ly  f i v e - l e t t e r  
words, whereas f o u r - ,  f i v e - ,  and s i x - l e t t e r  words were used 
in  th e  p re s e n t  s tu d y .  A pparen tly  th ey  a l s o  used s e q u e n t ia l
l e t t e r  p r o b a b i l i t y ,  unad ju s ted  f o r  word p o s i t io n ,  as t h e i r
independen t v a r i a b l e .  The p re se n t  s tudy  used a 
m ulti-com ponent v a r i a b le  t h a t  had as c r i t e r i a  bo th  digram 
frequency  and s e q u e n t ia l  l e t t e r  p r o b a b i l i t i e s ,  bo th  a d ju s te d  
and unad ju s ted  f o r  word p o s i t io n .  Fu rtherm ore , t h e i r  
f re q u e n c ie s  were based on th e  Baddeley, Conrad, and Thompson 
(1960) co rp u s  o f  13,592 words, whereas th e  p re s e n t  
f r e q u e n c ie s  r e s u l t e d  from th e  a u t h o r ' s  com pu ta tio ns , v ia  th e  
com puter, based on th e  Kucera and F ra n c is  (1967) corpus o f  
approx im ate ly  one m i l l io n  words. In  th e  p re s e n t  study the 
computer s e l e c te d  th e  i tem s t h a t  f i t  th e  c r i t e r i a ,  based on 
th e  f u l l  le x ic o n  of 40,000 ty p e s .  Broadbent and Gregory
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(1.968) d id  n e t  sp e c i fy  how t h e i r  i tem s  were s e l e c te d .
Given th e  d i f f e r e n c e s  between th e  two s t u d i e s ,  i t  i s  
im p o rtan t  to  no te  t h a t  F ig u re  8b, which looks a t  the  
i n t e r a c t i o n  between word and digram f re q u e n c ie s  fo r  
f i v e - l e t t e r  words o n ly ,  i s  e s s e n t i a l l y  e q u iv a le n t  to  
Broadbent and Gregory*s r e s u l t s .  Digram frequency  on ly  
produced an e f f e c t  f o r  LWF words, and th e  e f f e c t  i t  produced 
was c o u n t e r - i n t u i t i v e ;  i . e .  LDF-LHF item s were p e rc e iv e d  
a t  s h o r t e r  d u r a t io n s  th an  HDF-LWF i te m s . T h is  was 
e s s e n t i a l l y  th e  same r e l a t i o n s h i p  t h a t  i s  shown f o r  
f o u r - l e t t e r  words.
Broadbent and Gregory (1971) o f f e r e d  th e  fo l lo w in g  
e x p la n a t io n  f o r  t h i s  phenomenon. One of the  cau ses  of 
m ispercep tion  i s  i n t e r f e r e n c e  from s i m i l a r  words. HDF item s 
a re  more l i k e l y  to  have s im i l a r  c o u n te r p a r t s  and a re  more 
s u b je c t  t o  i n t e r f e r e n c e .  Broadbent and Gregory d id  not 
r e a l l y  say why th e  in c re a s e d  in te r f e r e n c e  o f  HDF words did 
no t show up f o r  HWF i te m s ,  b u t  presumably i t  was because HffF 
i tem s a re  g e n e ra l ly  th o u g h t  of f i r s t ,  as soon as t h e r e  i s  
even a l i t t l e  sensory  in fo rm a tio n  a v a i l a b l e ,  and hence a re  
n o t  s u b je c t  t o  i n t e r f e r e n c e .
The r e s u l t s  f o r  s i x - l e t t e r  words in  th e  p re s e n t  s tudy  
would seem t o  c o n t r a d i c t  th e  above e x p la n a t io n .  But, with 
th e  fo l lo w in g  a d d i t i o n a l  assum ption , th ey  can a c t u a l l y  be 
viewed a s  su p p o r t in g  i t .  A given s i x - l e t t e r  word w i l l  have 
fewer s i m i l a r  c o u n te r p a r t s  than  a g iven f i v e - l e t t e r  word. 
T h is  assum ption i s  based on th e  f a c t  t h a t  the  number o f
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p o s s ib le  s i x - l e t t e r  s t r i n g s  i s  26 tim es  th e  number of 
p o s s ib le  f i v e - l e t t e r  s t r i n g s ,  and ye t  th e  number o f  f a i r l y  
common s i x - l e t t e r  words rough ly  e q u a ls  th e  number o f  f a i r l y  
common f i v e - l e t t e r  words (Nayzner & T r e s s e l t ,  1965). Of th e  
s i x - l e t t e r  s t r i n g s ,  a much sm a lle r  pe rcen tage  w i l l  be words. 
S ince  s i x - l e t t e r  words a re  no t  t e r r i b l y  s u b je c t  to  
i n t e r f e r e n c e ,  th ey  w i l l  no t  be f a c i l i t a t e d  by LDF. In f a c t ,  
s in c e  i n te r f e r e n c e  i s  not a f a c t o r ,  s i x - l e t t e r  words a re  
f r e e  to  dem onstra te  a f a c i l i t a t i o n  by HDF, a r e s u l t  t h a t  
would be expected  i f  a n a ly s i s  of th e  p a r t s  of a word i s  
ta k in g  p lace  a t  some l e v e l .  The r e s u l t s  d id ,  in  f a c t ,  show 
t h i s  f a c i l i t a t i o n .
The p reced in g  a n a ly s i s  a l s o  e x p la in s  th e  O-shaped 
w ord-leng th  fu n c t io n .  There a r e  two f a c t o r s  o p e ra t in g :  
word le n g th  and i n t e r f e r e n c e .  F i v e - l e t t e r  words a p p a re n t ly  
r e p re s e n t  th e  b e s t  compromise of th e  two. They a re  no t too 
long no r  to o  s u b je c t  t o  i n t e r f e r e n c e .
There i s  a t  l e a s t  one s tu d y  (Engel, 1974) t h a t  o b ta in ed  
a p o s i t iv e  c o r r e l a t i o n  between l e t t e r  p r e d i c t a b i l i t y  and 
ta fc h is to sco p ic  r e c o g n i t io n  f o r  f o u r - l e t t e r  words. H is r a r e  
words a l l  had f r e q u e n c ie s  o f  l e s s  than  one in  a m i l l io n ,  f a r  
lower than  th o se  used e i t h e r  i n  th e  p re s e n t  s tu dy  o r  by 
Broadbent and Gregory (1963). Hany may in  f a c t  have been 
f u n c t io n a l  non-words. I t  i s  s a f e  to  say , however, t h a t  the  
d i g r a n - f r e q u e n c y / l e t t e r - p r e d i c t a b i l i t y  e f f e c t  i n t e r a c t s  
s h a rp ly  and in  complex ways with word le n g th ,  word 
freq uency , and perhaps some und iscovered  f a c t o r s .
CHAPTER VIII
RELATIONSHIP OF READING ABILITY TO PERCEPTUAL ABILITY
A ll of th e  s u b je c t s  who had p a r t i c i p a t e d  in  th e  f i r s t  
two exp erim en ts  were given an a d d i t i o n a l ,  non-s tandard  
rea d in g  t e s t .  I t  was a 4286 word passage on astronomy by 
I s a a c  Asimov (1975) t h a t  had been used by Jackson and 
McClelland (1975). The s u b je c t s  were asked to  read  th e  
passage  a t  t h e i r  u sua l r a t e ,  b e a r in g  in  mind t h a t  they  would 
be asked q u e s t io n s  abou t i t .  At th e  end they  were given ten  
sh o r t-an sw er  q u e s t io n s  to  do (see Appendix D), th e  same ones 
t h a t  had been used by Jackson and McClelland. T h is  r e s u l te d  
in  two s c o re s :  a speed sc o re  and a comprehension sc o re .
The s c o re s  f o r  each s u b je c t ,  a long with a l l  th e  o th e r  
i n d iv id u a l  s c o re s ,  appear in  Appendix E. The c o r r e l a t i o n  
m a tr ix  based on Appendix E appears  in  Table 6 .
F i r s t  to  no te  i s  the  r e l a t i o n s h i p  among th e  v a r io u s  
re a d in g  t e s t  s c o r e s .  The Davis "speed  of comprehension"
sc o re  c o r r e l a t e s  s i g n i f i c a n t l y  w ith th e  comprehension sco re  
from th e  Asimcv passage ( r  = .5 2 ,  p *05), but not
s i g n i f i c a n t l y  ( r  = .2 4 ,  p > .1) with th e  Asimov speed s c o re ,  
a lth o u g h  i t  i s  i n  th e  expec ted  d i r e c t i o n .  The Davis "speed" 
sc o re  ap p ea rs  to  be m ostly  a lev e l-o f-c o m p re h en s io n  s c o re .  
There i s  ev idence  f o r  a speed component to  read in g  t h a t  i s  
n o t  measured by th e  Davis t e s t .  In  f a c t ,  i t  has been
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Table 6
Correlation Matrix Across All Subjects































(1) - .24 .52 .54 -.13 .25 -.32 -.26 -.06 -.33
(2) .24 - .12 .65 -.49 .63 -.45 -.17 .08 -.43
(3) .52 .12 - .81 -.11 .03 -.10 .04 .15 -.18
(4) .54 .65 .81 - -.39 .38 -.31 -.16 .08 -.41
(5) -.13 -.49 -.11 -.39 - -.64 .25 -.07 -.18 -.22
(6) .25 .63 .03 .38 -.64 - -.48 -.09 .07 -.27
(7) -.32 -.45 -.10 -.31 .25 -.48 - .23 .01 .37
(8) -.26 -.17 .04 -.16 -.07 -.09 .23 - .82 .27
(9) -.06 .08 .15 .08 -.18 .07 .01 .82 - -.32
(10) -.33 -.43 -.18 -.41 -.22 -.27 .37 .27 -.32 -
Ln
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p o in te d  ou t (Coffman, 1965) t h a t  t h e r e  have been no v a l i d i t y  
s tu d i e s  on th e  Davis d i s t i n c t i o n  between speed and l e v e l  of 
com prehension.
The c ase  f o r  th e re  be ing  two components to  re a d in g  can 
be made more s t r o n g ly  when th e  c o r r e l a t i o n s  between th e  
v a r io u s  p e rc e p tu a l  measures and th e  &simov speed sco re  a re  
compared t o  th e  c o r r e l a t i o n s  o f th o se  measures and th e  Davis 
s c o re .  The Asimov speed sc o re  c o n s i s t e n t l y  c o r r e l a t e s  more 
h ig h ly .  This i s  seen in  th e  c o r r e l a t i o n  between i t  and th e  
average  re a d in g  r a t e  from Experiment 1 (r = .6 3 ,  £ < .0 0 1 ) ,
average  r e a c t io n  tim e on Experiment 2 ( r  = - . 4 5 ,  £ < .0 2 ) ,  
and th e  word sc o re  minus number sco re  from Experiment 3 ( r  = 
- . 4 3 ,  £ < .0 3 ) .  The Asimov comprehension sco re  d id  no t
c o r r e l a t e  a t  a l l  w ith any o f  the  p e rc e p tu a l  m easures. The 
Davis sc o re  c o r r e l a t i o n s  were mostly i n s i g n i f i c a n t —alth oug h  
a l l  i n  the  r i g h t  d i r e c t i o n —'p ro b ab ly  because on ly  a sm all 
p o r t io n  o f  th e  Davis s c o re  t r u l y  r e p re s e n ts  speed o f 
comprehension. S p e l l in g  a b i l i t y ,  a s  measured by a s p e l l i n g  
t e s t  based on the  words used in  Experiment 2, a ls o  
c o r r e l a t e d  q u i t e  w ell w ith  th e  Asimov speed s c o re ,  b u t  d id  
n o t  c o r r e l a t e  a t  a l l  w ith  th e  Davis t e s t  o r Asimov 
comprehension t e s t .
The b e s t  measure o f read in g  speed i s  c l e a r l y  the  Asimov 
speed s c o re .  The r e s u l t s  s t ro n g ly  a rgue  f o r  a p o s i t iv e  
r e l a t i o n s h i p  between speed o f read ing  and some p e rc e p tu a l  
a b i l i t i e s .  The one p e rc e p tu a l  t a s k  t h a t  was n o t r e l a te d  to  
word p e rc e p t io n  was the  th re s h o ld  t a s k  fo r
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t a c h i s to s c o p i c a l l y  p re se n te d  numbers, and i t  did  not 
c o r r e l a t e  w ith any measure of read in g  a b i l i t y .
Jackson and HcClelland (1975) a l s o  d id  no t g e t  a 
r e l a t i o n s h i p  between th e  Asimov speed sc o re  and a wide range 
o f  p u re ly  p e rc e p tu a l  t a s k s .  One measure t h a t  did 
c o r r e l a t e — p e rc e p tu a l  span f o r  a s t r i n g  of u n re la te d  
l e t t e r s —could  w ell have been due to  a memory d i f f e r e n c e .  
S im i la r ly ,  M orrison, G io rd an i,  and Nagy (1977) g o t  a 
r e l a t i o n s h i p  between read ing  a b i l i t y  and r e c o g n i t io n  
perform ance on v i s u a l  forms on ly  when th e r e  was a time lag  
invo lved .
Thurstcne (1944) s e p a ra te d  c o l le g e  freshmen i n to  two 
groups o f  26 each on th e  b a s i s  o f  a re a d in g  speed measure 
t h a t  i s  s i m i l a r  to  th e  Asimov speed s c o re .  He th en  compared 
th e  twc groups on a b a t t e r y  o f  p e rc e p tu a l  t e s t s .  Of th e  68 
c h i - s q u a r e s  f o r  p e rc e p tu a l  t e s t s ,  only fo u r  were s i g n i f i c a n t  
a t  th e  .0 5  l e v e l .  None were s i g n i f i c a n t  a t  th e  .01 l e v e l .  
Of c o u rse ,  due to  chance a lo ne  i t  would be  expected  t h a t  a t  
l e a s t  a couple  o f  c h i - s q u a r e s  would be s i g n i f i c a n t .  The 
fo u r  t e s t s  t h a t  were s i g n i f i c a n t  in c lu d e d :  (1) a measure o f
f l i c k e r - f u s i o n  fo r  yellow  and b lu e  s e c t o r s  on a c o lo r  wheel,
(2) tim e re q u ire d  to  i d e n t i f y  d o t te d  o u t l i n e s  o f  l e t t e r s  and 
numbers, (3) number o f  e r r o r s  on a ta s k  o f  i d e n t i f y i n g  
numbers and l e t t e r s  hidden in  a maze of d o t s ,  and (4) time 
t o  name th e  c o lo r s  on a Stroop t e s t .  F a s t  r e a d e r s  performed 
b e t t e r  on th r e e  of the fo u r  t a s k s ;  slow re a d e r s  were f a s t e r  
a t  naming d o t te d  o u t l i n e s .  The r e l a t i o n s h i p s  between
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rea d in g  speed and p e rc e p tu a l  a b i l i t y  a r e  q u i te  weak in  
T hurstone*s d a ta ;  nor a r e  th e r e  any a p p a ren t  t r e n d s  i n  th e  
r e s u l t s .
There app ea rs  to  be no g e n e ra l  p e rc e p tu a l  component in  
th e  p re s e n t  r e s u l t s  of read in g  a b i l i t y ,  bu t th e re  i s  a 
p e rc e p tu a l  component t h a t  i s  s p e c i f i c  t o  word p e rc e p t io n .  
The r e l a t i o n s h i p  can even be p in p o in te d  a b i t  more 
p r e c i s e ly .  The f i r s t  two experim ents provided  a t e s t  o f a 
r e l a t i o n s h i p  between read ing  a b i l i t y  and a b i l i t y  to  ta k e  
advantage o f  c o n te x t .  The r e s u l t s  c l e a r l y  p o in ted  t o  no 
such r e l a t i o n s h i p .  There was no h in t  of an i n t e r a c t i o n  i n  
Experiment 1 between re a d in g  a b i l i t y  and meaning. 
S im i la r ly ,  when read in g  speed f o r  m eaningless pa rag rap hs  was 
p a r t i a l l e d  o u t ,  th e  c o r r e l a t i o n s  between read in g  speed fo r  
m eaningful paragraphs and a l l  measures o f  re a d in g  a b i l i t y  
f e l l  t o  n e a r -z e ro  l e v e l s .  In  Experiment 2 ,  t h e r e  was no 
i n t e r a c t i o n  between c o n te x t  and a b i l i t y  on th e  Davis t e s t .  
F u rthe rm ore , the  c o r r e l a t i o n  between su b je c ts*  perform ance 
on th e  middle l e v e l  o f c o n te x t  and t h e i r  re a d in g  speed on 
th e  isim ov passage , with t h e i r  performance on th e  n o -co n te x t  
c o n d i t io n  p a r t i a l l e d  o u t ,  d id  not approach s i g n i f i c a n c e  ( r  = 
.0 6 7 ) .
The p e rc e p tu a l  advantage t h a t  e x i s t s  f o r  f a s t e r  r e a d e r s  
i s  a t  t h e  l e v e l  o f s in g le -w o rd  p e rc e p t io n .  Perhaps f a s t e r  
r e a d e r s  can se a rc h  t h e i r  le x ic o n s  more q u ic k ly ,  o r perhaps 
th ey  have seme o th e r  adv an tage . The c la im  t h a t  th e  
advantage  i s  a t  t h e  s in g le -w o rd  l e v e l  i s  a l s o  supported  by
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th e  c o r r e l a t i o n  o f  rea d in g  speed and s p e l l i n g  a b i l i t y .  
S p e l l in g  i s ,  a f t e r  a l l ,  a s ing le -w ord  a b i l i t y .  This claim  
may appear t o  c o n t r a d i c t  some e a r l i e r  vork , but th e
c o n t r a d ic t io n s  do n o t hold up to  c lo s e r  in s p e c t io n .  For 
example, G i lb e r t  (1959) found a r e l a t i o n s h i p  between read ing  
a b i l i t y  and t a c h i s to s c o p ic  perform ance on word p h ra se s .  
U n fo r tu n a te ly ,  he d id  not r e p o r t  on th e  p resen ce  o f  an 
i n t e r a c t i o n  between rea d in g  a b i l i t y  and phrase  l e n g th ,  which 
would be needed t o  dem onstra te  t h a t  b e t t e r  r e a d e rs  were more 
a b le  to  t a k e  advan tage  of c o n te x t .
Cromer (1970) had s u b je c t s  read  parag raphs p resen ted :
(1) no rm ally , (2) one word per l i n e ,  (3) words grouped by 
ph rase  s t r u c t u r e ,  and (4) words grouped randomly. Those 
poorer  r e a d e r s  who a ls o  had lower IQ’ s d id read  th e  passages 
more s lo w ly , b u t  th ey  d id  so  e q u a l ly  f o r  a l l  modes o f  
p r e s e n t a t i o n .  I t  i s  not c l e a r  th en  s p e c i f i c a l l y  where the 
d e f i c i t  l a y ,  b u t  i f  i t  had been a c o n te x t  e f f e c t ,  the  
grouping by phrase  s t r u c tu r e ,  which i s  more conducive to  
c o n te x t  being  used , would have been expected  t o  show a 
l a r g e r  a b i l i t y  e f f e c t  than  th e  random-grouping c o n d i t io n .
Jackson and McClelland (1975) found a r e l a t i o n s h i p  
between read in g  a b i l i t y  and a b i l i t y  t o  p e rc e iv e  
t a c h i s t o s c o p i c a l l y  p re se n te d  s e n te n c e s .  U n fo r tu n a te ly ,  they  
d id  no t show whether th e  r e a d i n g - a b i l i t y  e f f e c t  fo r  
s e n te n c e s  was g r e a t e r  than  t h a t  f o r  s in g le  words.
Morton (1964) claimed t o  have dem onstra ted  t h a t  b e t t e r  
r e a d e rs  a r e  more a b le  to  t a k e  advantage o f c o n te x t ,  b u t  the
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problems with h i s  r e s u l t s  have a lre a d y  been mentioned in  the 
D iscuss ion  s e c t io n  of Experiment 1.
The c la im  i s  n e t  be ing  made t h a t  b e t t e r  r e a d e r s  do n o t  
use c o n te x t  more e f f e c t i v e l y  th an  poorer  r e a d e rs  in  normal 
re a d in g ;  only  t h a t  they  do n o t  use i t  more e f f e c t i v e l y  a t  
th e  p e rc e p tu a l  l e v e l .  I t  i s  p o s s ib le ,  even l i k e l y ,  t h a t  
b e t t e r  r e a d e r s  a re  more a b le  t o  use c o n te x t  t o  e x t r a c t  
meaning from p ro se ,  b u t  t h i s  would be due more t o  a 
c o g n i t iv e  r a t h e r  than  a p e rc e p tu a l  e f f e c t .
Sotte s tu d i e s  c la im  no r e l a t i o n s h i p  between rea d in g  
a b i l i t y  and p e rc e p tu a l  a b i l i t y  ( e .g .  Katz & Wicklund, 1971, 
1972; L e s l ie  6 C a lfe e ,  1971). These s t u d i e s ,  however, 
r e l i e d  on more t r a d i t i o n a l  measures o f  read in g  a b i l i t y ,  such 
a s  th e  Ginn and Iowa t e s t s ,  t h a t  probably do n o t  g e t  a t  the  
p e rc e p tu a l  component.
C onclusions to  be drawn from t h i s  a n a ly s i s  o f the  d a ta
a re :
(1) There a re  two components to  re a d in g :  a p e rc e p tu a l
component ( read in g  speed) and a c o g n i t iv e  component 
(com prehension).
(2) The p e rc e p tu a l  component i s  r e l a t e d  n o t to  g e n e ra l  
p e rc e p tu a l  a b i l i t y  but t o  p e rc e p t io n  a t  th e  l e v e l  o f  the  
in d iv id u a l  word.
(3) There i s  no r e l a t i o n s h i p  between re a d in g  a b i l i t y  
and a b i l i t y  t o  use c o n te x t  to  p e rc e iv e  words more q u ic k ly .
There i s  one p r a c t i c a l  c o n s id e r a t io n  t h a t  comes from 
th e s e  c o n c lu s ic n s .  Since the  most widely used read in g  t e s t s
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do n o t  ad eq u a te ly  measure speed of comprehension, i t  would 
p robab ly  be wise f o r  e d u c a to rs  t o  pay more a t t e n t i o n  to  
th o s e  t h a t  do, so t h a t  th ey  can b e t t e r  t a i l o r  rem ed ia l  
measures to  i n d iv id u a l  needs .
CHAPTER IX
AN EMPIRICAL ANALYSIS OF TBE LEXICAL-SEARCH MODEL
As s t a t e d  in  th e  i n t r o d u c t io n ,  th e  goa l  of t h i s  
r e s e a rc h  i s  n o t  t c  compare and c o n t r a s t  a l l  t h e o r i e s  o f word 
p e rc e p t io n —th e  r e a d e r  can r e f e r  t o  Massaro (1975) o r  Smith 
and Spoehr (197h) f o r  t h i s  purpose—bu t t o  s tudy  th e  e f f e c t s  
of c o n te x t  and f req u en cy . Two t h e o r i e s  which emphasize 
l e v e l s  of p e rc ep tio n  above in d iv id u a l  f e a tu r e  e x t r a c t io n  
a n d /o r  l e t t e r  i d e n t i f i c a t i o n  were chosen f o r  a n a ly s i s .  One 
was Morton’ s (1969) logogen model which, a lth o u g h  i t  
con ta in ed  some d e s i r a b l e  f e a t u r e s ,  was re p la c e d  by th e  
s p a g h e t t i  v e r s io n .  The second was F o r s t e r ’ s (1976) 
l e x i c a l - s e a r c h  model. The b a s ic  d i f f e r e n c e  between the  
s p a g h e t t i  mcdel and F o r s t e r ’s model concerns th e  s t r u c t u r a l  
o rg a n iz a t io n  o f  l e x i c a l  memory. F o r s t e r  assumes a memory 
organ ized  h i e r a r c h i c a l l y  acco rd ing  t o  senso ry  f e a t u r e s  a t  
th e  h igher l e v e l  and word frequency  a t  th e  lower l e v e l .  The 
s p a g h e t t i  model does no t  r e q u i r e  any s p e c i f i c  o r g a n iz a t io n .
The s p a g h e t t i  model can account f o r  f requency  e f f e c t s  
by a d ju s t in g  the  h e ig h ts  o f  th e  i n d iv id u a l  p ie c e s  o f  
s p a g h e t t i .  The fu n c t io n  r e l a t i n g  s p a g h e t t i  h e ig h t  t o  word 
frequen cy , while monotonic, can ta k e  any form re q u ire d  to  
f i t  th e  e m p ir ic a l  d a ta .  T h is  i s  both a s t r e n g th  and a 
weakness. The model canno t be d isp roved  by any e m p ir ic a l
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r e l a t i o n s h i p  between frequency  and some dependent v a r i a b le  
such a s  r e a c t io n  t im e ,  bu t n e i t h e r  can i t  be confirm ed. 
Given c e r t a i n  a ssum ptions , F o r s t e r ' s  l e x i c a l - s e a r c h  model i s  
c ap a b le  o f  f a i r l y  d e t a i l e d  q u a n t i t a t i v e  p re d ic t io n s .  The 
one b a s ic  assum ption i s  t h a t  th e  f r e q u e n c y - e f f e c t  
p r e d i c t i o n s  made f o r  a b in  system of a r b i t r a r y  s t r u c t u r e  and 
a g iven average  bin s i z e  w i l l  hold f o r  the  a c tu a l  bin 
system . Table 7a p r e s e n ts  d a ta  u se fu l  in  computing th e  bin 
rank  fo r  a word, g iven  th e  average bin s i z e  and the  
frequency  of occu rren ce  o f  th e  word. The p e rc en ta g es  in  
Table 7 a ,  based on Kucera and F ra n c is  (1967), have to  be 
viewed as cn ly  a very  rough e s t im a te  o f  the  a c tu a l  lex ico n  
f o r  a number o f re a so n s :  (1) very l i t t l e  i s  known about how
many d i f f e r e n t  e n t r i e s  th e r e  shou ld  be f o r  d i f f e r e n t  l e x i c a l  
i tem s t h a t  sha re  th e  same base (e*9* 
" p ro c e d u re /p ro c e d u ra l ,"  " d e c id e /d e c i s io n ,"  "m ouse/m ice"), 
a lth o u g h  t h e r e  i s  some evidence  a g a in s t  t h e r e  be ing  a 
s e p a r a te  e n t r y  f o r  each item  (B rad ley , Note 1 );  (2) the
e s t im a te  f o r  th e  number o f  e n t r i e s  t h a t  d id  no t occur in  th e  
Kucera and F ra n c is  corpus has no r e a l  b a s i s  o th e r  than  what 
seems re a so n a b le ;  (3) th e re  a re  in d iv id u a l  d i f f e r e n c e s  in  
t h e  le x ic o n  t h a t  a r e  n o t  accounted f o r  in  Table  7a. For 
example, i t  i s  assumed t h a t  a l l  o f  th e  words in  the  co rpus  
a r e  in  th e  le x ic o n  of the  c o l le g e  freshm an. In  f a c t ,  
a lth o u g h  an a ttem p t was made t o  "c lean -u p "  th e  corpus by 
e l im in a t in g  a l l  e n t r i e s  with any n o n -a lp h a b e tic  
c o n s t i t u e n t s ,  th e re  a r e  s t i l l  a l a r g e  number of non-words
TABLE 7
Frequencies and Ranks of Words in the Lexicon
Frequency of Word 
(occurrences 
per million)
Percentage of Words . ,
, , _ Average Rank 
at or below that
frequency Bin Size=10 Bin Size=100
0 (less than 
1/mill) 30 8.0 70
A
1 50 6.0 50
10 84 2.6 16
100 98 1.2 2
0 . 25 8.5 75
1 40 7.0 60
B
10 75 3.5 25
100 96 1.4 4
A: Estimate from Kucera & Francis (1967), with single guess as
to number of entries in "0" category.
B: As above, but with additional assumption that different forms
of a word are all represented by a single base. The figures are guesses 
based on this assumption.
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rem ain ing  t h a t  would n o t  be in  anyone*s l e x ic o n ,  i n  a d d i t io n  
to  th e  unknown number o f  r a r e  words t h a t  a re  u n l ik e ly  to  be 
in  a c o l le g e  freshm an*s l e x ic o n .
Even w ith a l l  o f  th e se  problem s. Table  7a i s  s t i l l  
u s e fu l  f o r  p r e d i c t i n g  th e  n a tu re  o f th e  frequency  e f f e c t ,  
s in c e  th e  p r e d i c t i o n s  i t  makes a re  f a i r l y  r o b u s t .  This can 
be seen  by comparing th e  p r e d i c t i o n s  made by Tables 7a 
and 7b. Table 7b r e p r e s e n ts  an a t tem p t to  a d ju s t  Table 7a 
so t h a t  t h e  concern add ressed  by (1 )— i . e .  th e  lac k  of 
m u lt ip le  r e p r e s e n ta t io n — can be accounted  f o r .  The 
assum ption t h a t  i tem s  tend  t c  be re p re s e n te d  only by th e  
base word has th e  e f f e c t  o f  in c r e a s in g  th e  p e rcen tage  of the  
h ig h e r- f re q u e n c y  item s ( i . e .  d e c rea s in g  th e  amount o f  
p o s i t i v e  skew of th e  d i s t r i b u t i o n ) . The numbers i n  Table 7b 
a r e  im ag inary , bu t th ey  a re  i n  th e  r i g h t  d i r e c t i o n ,  and 
could  t h e r e f o r e  be u se fu l  f o r  showing th e  n a tu re  o f the  
s h i f t  t h a t  wculd be brought about by p o in t  (1 ) ,  th e  p o in t  
t h a t  would p robably  have th e  l a r g e s t  e f f e c t  on th e  
p e rc e n ta g e s .  The s i z e  o f  th e  average  b in  has l i t t l e  e f f e c t  
on th e  r e l a t i o n s h i p  of th e  ranks  f o r  words o f  d i f f e r e n t  
f r e q u e n c ie s .  In  Table 7 a ,  f o r  a bin  s i z e  o f  10, th e  
d i f f e r e n c e  in  rank  f o r  a word t h a t  occurs  once per  m il l io n  
and a word t h a t  occu rs  ten  t im es  per m il l io n  i s  about 2.4 
t im es  t h e  d i f f e r e n c e  between a word t h a t  occurs  t e n  t im es in  
a m il l io n  and a word t h a t  occurs  100 tim es 
£ (6 .0  -  2 . 6 ) / ( 2 . 6  -  1.2) = 2 .4 ] .  For a bin s i z e  of 100, the  
co rrespo nd in g  r a t i o  i s  a ls o  2 .4 .  Across a wide range  o f  b in
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s i z e s  th e n .  Table 7a would p r e d ic t  an e x p o n e n t ia l  
r e l a t i o n s h i p  between frequency and b in  rank , and hence 
between frequ en cy  and ET, s in c e  ET i s  p ro p o r t io n a l  to  b in  
ran k . Table 7b, on th e  o th e r  hand, p r e d ic t s  s l i g h t l y  more 
o f a l o g - r e l a t i o n s h i p ,  s in c e  th e  d ifference?  between a 
one-occurrence  per  m il l io n  word and a te n -o c c u r re n c e  word i s  
now l e s s  than  tw ice  th e  d i f f e r e n c e  between a te n -o c c u rre n c e  
word and a hundred -occurrence  word. (For a
l o g - r e l a t i o n s h i p ,  of c o u rs e ,  th e s e  d i f f e r e n c e s  should  be 
e q u a l .)
F o r s t e r ’ s model p r e d i c t s  t h a t  th e  r e l a t i o n s h i p  between 
frequency and ET on some ta s k  in v o lv in g  l e x i c a l  se a rc h  
should be somewhere between a lo g a r i th m ic  and an e x p o n e n t ia l  
r e l a t i o n s h i p .  T h is  p r e d ic t io n  h o ld s  a c ro s s  a wide range o f  
b in  s i z e s .  (Obviously , i f  the  b in  s i z e  equaled  one, th e  
r e l a t i o n s h i p  would break  down, a lthou gh  even f o r  a b in  s iz e  
o f  two, i t  could  s t i l l  ho ld .)
The d a ta  used to  t e s t  the  above p r e d ic t io n  came from a 
study  perform ed by F re d e r ik se n  and K ro l l  (1976), and was 
generously  su p p l ie d  to  th e  a u th o r  by J .  F re d e r ik se n .  
F re d e r ik se n  and K ro ll  used a l e x i c a l - d e c i s i o n  ta sk  and a 
naming ta s k ,  both o f  which presumably invo lved  l e x i c a l  
s e a rc h .  T he ir  r e s u l t s  a re  p re sen te d  in  F ig u re s  11a and 11b 
r e s p e c t iv e ly .  Both f i g u r e s  dem onstra te  something o f an 
e x p o n e n t ia l  r e l a t i o n s h i p ,  s in c e  th e  d i f f e r e n c e  between a 
cne-occurrence  word and a te n -o c c u r re n c e  word i s  n o t ic e a b ly  






















Frequency (occurrences per million)
B . Naming Task
Figure 11. Relationship between frequency and reaction time on two
tasks (based on author's computations on raw data supplied by J. Frederiksen 
from Frederiksen & Kroll (1976).
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and a hundred -occurrence  word. The c o r r e l a t i o n s  based on a 
log  t r a n s fo rm a t io n  and a lo g - lo g  ( i . e .  e x p o n e n t ia l )  
t r a n s fo rm a t io n  a re  v i r t u a l l y  i n d i s t i n g u i s h a b l e , however 
( - .4 8  vs. - .5 0  f o r  th e  l e x i c a l - d e c i s i o n  ta s k  and - .1 9  vs. 
- . 2 0  f o r  t h e  naming t a s k ) .
The e m p ir ic a l  d a ta  do su p p o r t  th e  p r e d ic t io n  t h a t  the  
a c tu a l  r e l a t i o n s h i p  i s  somewhere between lo g a r i th m ic  and 
e x p o n e n t i a l . '
While th e  b in  s i z e  has no e f f e c t  on th e  p a t t e r n  o f  the 
frequency  e f f e c t ,  i t  does b e a r  on th e  s i z e  o f  th e  e f f e c t .  
In  f a c t ,  th e  b in  s iz e  combined with th e  se a rc h  r a t e  
de te rm ine  th e  s i z e  o f the  e f f e c t .  The F o r s te r  model can 
make no a b so lu te  p r e d ic t io n s  h e re ,  however, s in c e  both th e  
average  b in  s i z e  and sea rch  r a t e  a re  l e f t  u n sp e c if ie d  by 
F o r s te r  (1976) . N one th e less ,  g iven  th e  e m p ir ic a l  d a ta  and 
e i t h e r  th e  b in  s i z e  o r  th e  se a rc h  r a t e ,  th e  o th e r  can be 
s p e c i f i e d .  For example, th e  d i f f e r e n c e  between a 
one-o ccu rren ce  word and a hundred -occurrence  word i s  86 msec 
acco rd in g  t o  th e  d a ta  on th e  l e x i c a l - d e c i s io n  t a s k .  For a 
b in  s i z e  o f  10, th e  d i f f e r e n c e  in  ran k s ,  based on Table 7a , 
would be f i v e ,  y ie ld in g  a sea rch  r a t e  o f  17 msec per e n t r y .  
For a b in  s i z e  of 100, th e  d i f f e r e n c e  in  ranks i s  30, 
y ie ld in g  a se a rc h  r a t e  o f  1.4 msec per  e n t ry .
The q u e s t io n  o f  which se a rc h  r a t e  i s  more rea so n a b le  i s  
a c o n t r o v e r s i a l  one. S te rnberg  (1969) used a paradigm in  
which s u b j e c t s  had t o  decide  whether a given s t im u lu s  was a 
member of a p red e f in ed  l i s t  o f  N s t im u l i .  The fu n c t io n
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r e l a t i n g  RT to  l i s t - s i z e  was l i n e a r  w ith a s lo p e  of 38 
m sec/item . T his  paradigm r e p r e s e n t s  se a rc h  r a t e  through 
s h o r t ’-term memory. Atkinson and Ju o la  (1973) used a 
paradigm t h a t  a ttem p ted  to  measure s e a r c h - r a t e  in  long-te rm  
memory. The b a s ic  paradigm was th e  same as S te rn b e rg * s ,  
ex cep t t h a t  th e  l i s t s  were lo n g e r  (16 t o  32 i tem s)  and th e  
s u b je c t s  were given enough tim e  to  s tudy  th e  l i s t s  to  
produce e r r o r - f r e e  r e c a l l .  The r e s u l t s  showed a s lo p e  o f  
fo u r  msec per  item  f o r  th e  l i n e a r  r e g re s s io n  l i n e .  There 
a re  a couple  of problems w ith  t h i s  l a s t  f i g u r e .  The narrow 
range in  l i s t  s i z e  and th e  sm a ll  number o f  p o in t s  ( th ree )  
make i t  d i f f i c u l t  t o  assume l i n e a r i t y  over a l a r g e  range of 
l i s t  s i z e s ,  and hence t o  assume t h a t  th e  fo u r-m sec -p e r - i tem  
f i g u r e  t r u l y  r e p r e s e n ts  se a rc h  r a t e .  A lso , i f  th e  
d i s t i n c t i o n  between e p is o d ic  and sem antic  memory proposed by 
Tulv ing  (1972) i s  a c c e p te d ,  th e n  i t  i s  c l e a r  t h a t  the  r a t e s  
su ggested  by Atkinson and J u o la  r e f e r  t o  e p is o d ic  memory. 
There i s  no g u a ra n tee  t h a t  th ey  would app ly  t o  sem antic  
( i . e .  l e x i c a l )  memory.
These r a t e s  can be used as  " b a l lp a rk "  f i g u r e s .  As 
such , th ey  dc show t h a t  an average  b in  s i z e  o f  between ten  
and 100 do n o t  r e q u i r e  un reaso nab le  se a rc h  r a t e s .
The d is c u s s io n  o f se a rc h  r a t e  has been based  on the  
d a ta  from th e  l e x i c a l - d e c i s i o n  t a s k .  ffhile  th e  b a s ic  
r e l a t i o n s h i p s  between word frequ en cy  and RT a r e  th e  same fo r  
both naming and l e x i c a l - d e c i s i o n ,  th e  s lo p e s  a r e  markedly 
d i f f e r e n t .  And a lth o u g h  th e  d i f f e r e n c e  between a
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one-occurrence  word and a hundred -occurrence  word was 86 
msec f o r  l e x i c a l - d e c i s i o n ,  the  same d i f f e r e n c e  was only  1h 
msec fo r  th e  naming t a s k .  F igure  10b seems to  show t h a t  th e  
r e s u l t s  f o r  th e  one -o ccu rrence  words may be an 
u n d e r -e s t im a te .  Even i f  th e  average  response  tim e f o r  th e s e  
words had been 550 msec, however, t h e  d i f f e r e n c e  between th e  
one- and one hundred-occurrence  words would be 25 msec, 
s t i l l  l e s s  than  a t h i r d  o f  th e  d i f f e r e n c e  f o r  the  
l e x i c a l - d e c i s i o n  ta s k .  The sm a lle r  f requency  e f f e c t  f o r  
naming as opposed t o  l e x i c a l  d e c is io n  was a l s o  re p o r te d  by 
Scarborough, C o r te se ,  and Scarborough (1977). They, in  
f a c t ,  found e s s e n t i a l l y  no frequency  e f f e c t  on th e  naming 
t a s k .
There i s  no th ing  e x p l i c i t l y  s t a t e d  by F o r s t e r  (1976) 
t h a t  would account f o r  t h i s  d i f f e r e n c e .  However, the  naming 
t a s k ,  u n l ik e  th e  l e x i c a l - d e c i s io n  ta s k ,  does n o t  ne c e s s a r i l y  
in v o lv e  l e x i c a l  a cc ess  a t  a l l .  Hords can be named j u s t  l i k e  
non-words— by use of p ro n u n c ia tio n  r u l e s .  Baron and 
Strawson (1976) p re s e n te d  ev idence  t h a t  some people use 
th e s e  r u l e s  a t  l e a s t  some o f  th e  t im e .  They dem onstra ted  
t h a t  p h o n o lo g ic a l ly  r e g u la r  words ( e .g .  "w afer") can be 
named more q u ick ly  th an  i r r e g u l a r  words ( e .g .  " w a te r " ) ,  
once word frequency has been accounted  f o r .  The f a c t  t h a t  
Scarborough e t  a l .  used on ly  f o u r - l e t t e r  words and got no 
frequency e f f e c t  fo r  naming su p p o r ts  th e  h y p o th e s is  o f  an 
a l t e r n a t i v e  ro u te  t o  p e rc e p t io n  v ia  p ro n u n c ia t io n  r u l e s .  I t  
i s  re a so n a b le  t h a t  i f  p e rc e p t io n  based on using
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p ro n u n c ia t io n  r u l e s  ev e r  b e a ts  ou t  l e x i c a l  s e a rc h ,  i t  would 
s tand  a b e t t e r  chance o f  doing so f o r  s h o r t e r  words.
The s p a g h e t t i  model has been m odified to  a llow  f o r  an 
a l t e r n a t e  ro u te  t o  p e rc e p t io n  t h a t  bypasses  l e x i c a l  sea rch  
(F igure  U), and F o r s t e r ' s  model should s i m i l a r ly  allow fo r  
such an a l t e r n a t e  r o u te .
CHAPTER X
DISCUSSION AND CONCLUSIONS 
REGARDING MODELS OF WORD PERCEPTION
The m odified logogen , o r  " s p a g h e t t i "  model (see 
F ig u re  h ) , i s  in  accord  with a l l  th e  r e s u l t s  p resen ted  th u s  
f a r .  However, i t  i s  a weak model, d i f f i c u l t  to  e i t h e r  
confirm  or r e j e c t .  I t  has a box la b e le d  " c o n te x tu a l
in fo rm a t io n ,"  b u t  th e r e  i s  no mention o f  th e  mechanisms
in vo lved . I t  p r e d i c t s  a w ord-frequency e f f e c t ,  b u t  the  form 
of t h a t  e f f e c t  i s  com plete ly  m a l le a b le .  I t  makes no c la im s  
reg a rd in g  th e  o rg a n iz a t io n  of th e  l e x ic o n .
Becker (1976) proposed a th e o ry  o f  word p e rc e p t io n
c a l l e d  t h e  " v e r i f i c a t i o n  model" which b ea rs  a c lo s e  
resem blance to  the  in d ep en d en tly  proposed s p a g h e t t i  model. 
In  Becker*s model t h e r e  i s  a v e r i f i c a t i o n  s t a g e  t h a t
a c t u a l l y  in c lu d e s  both  s t im u lu s  s e l e c t io n  and v e r i f i c a t i o n .  
The ta sk  Becker used to  t e s t  h i s  th e o ry  was a d u a l  one. I t  
combined a l e x i c a l - d e c i s io n  paradigm w ith  secondary  t a s k s  
in v o lv in g  to n e  d e te c t io n  and to n e  d i s c r im in a t io n .  He argued 
t h a t  f e a tu r e  e x t r a c t i o n  i s  g e n e ra l ly  th o u g h t  of a s  a p ro cess  
n o t  r e q u i r in g  s e l e c t i v e  a t t e n t i o n .  S ince secondary t a s k  
com plex ity  d id  i n t e r a c t  w ith  word f req u en cy , th e  lo cu s  of 
th e  frequency  e f f e c t  was assumed t o  be a t  a s ta g e  in v o lv in g  
s e l e c t i v e  a t t e n t i o n ;  i . e .  th e  v e r i f i c a t i o n  s t a g e .
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B eckerfs  (1976) r e s u l t s ,  w hile  not p re d ic te d  by the  
l e x i c a l - s e a r c h  model, a re  n o t  in c o m p a t ib le  with i t .  One 
need merely a s s e r t  t h a t  l e x i c a l  sea rch  i s  a p rocess  t h a t  
does r e q u i r e  s e l e c t i v e  a t t e n t i o n .
The l e x i c a l - s e a r c h  model, u n l ik e  th e  s p a g h e t t i  model, 
can and does make a good p r e d ic t io n  concern ing  th e  form o f  
th e  r e l a t i o n s h i p  between word frequency and RT; i . e .  t h a t  
i t  i s  somewhere between lo g a r i th m ic  and e x p o n e n t ia l .  The 
s i z e  o f th e  frequency  e f f e c t  cannot be p re d ic te d  by e i t h e r  
model, bu t th e  l e x i c a l - s e a r c h  model does a t  l e a s t  c o n ta in  
two s p e c i f i c  pa ram eters  (av e rag e  b in  s i z e  and search  r a te )  
t h a t  to g e th e r  would p r e d ic t  the  s i z e  o f th e  frequency  
e f f e c t .  I f  th e s e  pa ram ete rs  could be determ ined 
in d ep en d en tly  of word freg n e n cy , th en  th e  s i z e  of th e  e f f e c t  
would se rv e  as  a l e g i t im a te  t e s t  o f  the  model. In f a c t ,  
some independen t d a ta  on se a rc h  r a t e  a l r e a d y  e x i s t s  ( c . f .  
A tkinson & J u o la ,  1973). The s p a g h e t t i  model does n o t make 
any p r e d ic t io n s  abou t th e  s i z e  of th e  e f f e c t  and i t  o f f e r s  
l i t t l e  hope of ever  doing so .
The r o l e  o f c o n te x t  in  bo th  th e  s p a g h e t t i  model and the  
l e x i c a l - s e a r c h  model d e se rv e s  s p e c i a l  a t t e n t i o n  s in c e  i t  i s  
a p o in t  o f  d i s t i n c t i o n  between th e  two. The s p a g h e t t i  
model, l i k e  th e  logogen model, has a box la b e le d  " c o n te x t  
sy s te m ."  I t  i s  im p lied  t h a t  c o n te x tu a l  in fo rm a tio n  i s  
t r e a t e d  as  in fo rm a tio n  in  the  t r a d i t i o n a l  sense  o f  re d u c t io n  
in  u n c e r t a in ty ,  measured in  b i t s .  The r e s u l t s  o f  
Experiment 2 showed t h a t  t h i s  i s  no t  th e  c a se .  Context i s
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only  e f f e c t i v e  when s t ro n g  enough t o  p rov ide  a rea so n a b le  
o p p o r tu n i ty  f o r  a c o r r e c t  g u e ss .  G uess ing , r e f e r r e d  to  
h e re ,  i s  s i m i l a r  t o  G a r r e t t ' s  (in  p ress)  d e s c r ip t io n  o f  the  
g u ess in g  which probably o ccu rred  in  M i l l e r ' s  (19 62) 
experim ent on th e  e f f e c t s  o f s y n t a c t i c  c o n te x t :  " I f  i t  i s  a
'g u e s s in g  game,* i t  i s  an unconscious , o n - l i n e ,  
s o p h i s t i c a t e d  guessing  game, n o t  a s e r i e s  o f  qu ick  p o s t-h o c  
s t a b s ;  such a g u ess ing  game might a s  w ell be c a l l e d  
p e rc e p t io n ."  F o r s t e r  (1976) a llowed f o r  a "p ro d u c tio n  a c c e ss  
f i l e "  t h a t  could be com patib le  with t h i s  ty p e  o f  g u e ss in g ,  
bu t he doubted t h a t  i t  cou ld  be f a s t  enough to  b e a t  out 
l e x i c a l  s e a rc h .  His model, t h e r e f o r e ,  needs only  a l i t t l e  
r e v i s io n  t o  d e a l  with th e  r e s u l t s  o f  th e  f i r s t  two 
ex p erim en ts .  The s p a g h e t t i  model would have t o  be extended 
to  in c lu d e  some mechanism whose e f f e c t  i s  e q u iv a le n t  to  
p ick in g  o u t  on ly  one p ie c e  o f  s p a g h e t t i  on th e  b a s i s  of 
se n ten c e  c o n te x t .
The r o l e  c f  c o n te x t  in  word p e rc e p t io n  c o n t r a s t s  with 
th e  r o l e  of f requency . As s t a t e d  e a r l i e r ,  guessing  of any 
s o r t  cannot e x p la in  th e  frequency e f f e c t  because the  
p r o b a b i l i t y  c f  occurrence  f o r  any given  word based s o l e ly  on 
word frequency  i s  sim ply to o  low. The mechanisms f o r  the  
c o n te x t  and frequency e f f e c t s  must c l e a r l y  be d i f f e r e n t .  
Broadbent (1977) has made a s i m i l a r  o b s e rv a t io n ,  though fo r  
a d i f f e r e n t  re a so n .  He cla im ed t h a t  th e  frequency  e f f e c t  
r e f l e c t s  a p a ss iv e  system , whereas c o n te x t  o p e ra te s  through 
an a c t iv e  system . The p re s e n t  r e s u l t s  su pport t h i s
95
d i s t i n c t i o n .  F o r s t e r  (1976) in te rm in g le d  meaningful and 
m eaningless se n te n c e s  and d id  no t g e t  a c o n te x t  e f f e c t ,  p i s  
s u b je c t s  cou ld  have been le d  to  expec t th e  unexpected . 
Experiment 2 in  th e  p re s e n t  s tu d y ,  which did no t in te rm in g le  
c o n d i t io n s ,  d id  dem onstra te  a c o n te x t  e f f e c t .  The d e c is io n  
to  use c o n te x t  may be more o r  l e s s  under co n sc io u s  c o n t r o l .  
However, once th e  d e c is io n  has been made th e  p ro cess  i s  
a u to m a tic .  This was i l l u s t r a t e d  by th e  la rg e  number of very  
low BT's in  th e  h ig h -c o n te x t  c o n d i t io n — some of which 
o ccu rred  even b e fo re  the  s t im u lu s  item  appeared , much to  th e  
dismay o f  th e  s u b j e c t .
Another sen se  in  which sem an tic  c o n te x t  can be u s e fu l  
has been well-documented in  o th e r  s tu d i e s  ( e .g .  Meyer, 
Schvaneveld t & Buddy, 1975): th e  p r e s e n ta t io n  o f  a word on
one t r i a l  w i l l  f a c i l i t a t e  th e  perform ance on a succeeding  
t r i a l  i f  th e  f i r s t  word i s  s e m a n t ic a l ly  r e l a t e d  to  th e  
second. F i s c h le r  (1977) dem onstra ted  t h a t  th e  e f f e c t  i s  no t 
dependent on th e  su b je c ts*  e x p e c ta t io n  of such a 
r e l a t i o n s h i p .  Hhat i s  o f c e n t r a l  im portance t o  F o r s t e r ' s  
model i s  whether th e  e f f e c t  i s  dependent on th e  a s s o c i a t iv e  
s t r e n g th  between the  words o r  on th e  sem antic  r e l a t e d n e s s .  
The two n a t u r a l l y  co v ary , bu t they  a re  s e p a ra b le .  For 
example " b r e a d - b u t te r "  has a h igh degree  of a s s o c i a t iv e  
s t r e n g th  and a l e s s e r  degree  of sem antic  r e l a t e d n e s s  a s  
compared w ith synonyms l i k e  " d o c to r -p h y s ic ia n "  which shows 
th e  r e v e r s e  r e l a t i o n s h i p .  I f  a s s o c i a t iv e  s t r e n g th  i s  the  
key f a c t o r ,  F o r s t e r ' s  model can handle  th e  r e s u l t s  through
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th e  se m a n t ic /sy n ta x  a c c e ss  f i l e  (F igure  2 ) .  Semantic 
r e l a t e d n e s s ,  on th e  o th e r  hand, seems t o  r e q u i r e  th e  type of 
o rg a n iz a t io n  of th e  le x ic o n  ( i . e .  sem antic) t h a t  F o r s te r  
has been a t  p a in s  t o  av o id . The s i t u a t i o n  i s  prom ising fo r  
F o r s t e r ,  however, s in c e  ex p erim en te rs  i n  t h i s  a rea  have 
r e l i e d  s o l e ly  on th e  a s s o c i a t i v e  s t r e n g th s  to  s e l e c t  t h e i r  
s t i m u l i .  No one has ye t done th e  c r i t i c a l  experim ent t h a t  
would e l im in a te  sem antic  r e l a te d n e s s  per se  a s  a f a c t o r .
A problem with th e  F o r s t e r  model t h a t  i s  independent o f  
th e  p a r t i c u l a r  b in -system  s t r u c t u r e  in v o lv e s  an i n t e r a c t i o n  
between word frequency  and s t im u lu s  d e g ra d a t io n .  F o r s te r  
im plied  t h a t  a s  the  s t im u lu s  becomes more im poverished 
( e i t h e r  v ia  b r i e f  p r e s e n t a t i o n ,  d e fo cu s in g , e t c . ) ,  th e  b in  
lo c a t io n  cannot be computed as r e l i a b l y ,  and s e v e ra l  
p o s s ib le  b in s  must be computed. As th e  number o f  b in s  being 
sea rched  in c r e a s e s ,  f requency  should  become a l e s s  r e l i a b l e  
p r e d i c to r  o f  when a p a r t i c u l a r  e n try  w i l l  be accessed  during  
a s e a rc h .  For example, th e  word "dog11 may be a t  the  top  of 
i t s  b in ,  b u t  t h i s  b in  may be searched  l a s t .  This p re d ic te d  
i n t e r a c t i o n  between d e g ra d a t io n  and frequency  does no t occur 
(S ta n n e rs ,  Ja s t rz e m b sk i ,  8 Westbrook, 1975).
There a re  two p o s s ib le  ways to  g e t  around t h i s  
o b je c t io n .  The f i r s t  i s  to  a s s e r t  t h a t  th e  b in  lo c a t io n  can 
be computed as  r e l i a b l y  f o r  im poverished s t i m u l i ,  b u t  t h a t  
more tim e i s  r e q u ire d  t o  do s o .  Since th e r e  i s  a main 
e f f e c t  f o r  s t im u lu s  d e g ra d a t io n  even a t  th e  h ig h e s t  l e v e l  o f 
freq u en cy , t h i s  e x p la n a t io n  i s  consonant with th e  r e s u l t s .
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The second way i s  t o  assume t h a t  s e a rc h  r a t e  i s  a f f e c te d  by 
s t im u lu s  q u a l i t y  (B rad ley , Note 2 ) .  This would le a d  to  an 
in c r e a s e  in  th e  frequency e f f e c t  a s  th e  s t im u lu s  becomes 
more degraded , s in c e  e n t r i e s  f u r t h e r  down on th e  l i s t  would 
be more a f f e c t e d  by th e  s low er search  r a t e .  This i s  th e  
r e s u l t  t h a t  Bradley g o t ,  a t  l e a s t  when she compared 
m idd le -frequency  words ( 7 - 4 0  o ccu rrences  pe r  m ill io n )  to  
h ig h -freq u en cy  words (42 -  229 o c c u r re n c e s ) . The comparison 
of low -frequency  words ( 2 - 5  occu rrences)  to  
m idd le -frequency  ones r e s u l t e d  in  th e  o p p o s i te  ty p e  o f  
i n t e r a c t i o n — i . e . ,  t h e  one o r i g i n a l l y  p re d ic te d  by the  
F o r s te r  model. B radley  in t e r p r e t e d  t h i s  i n t e r a c t i o n  as 
su p p o r t  f o r  a tw o-p rocess  model, where a d i r e c t - a c c e s s  
method b e a ts  o u t  l e x i c a l  se a rc h  f o r  th e  low er-fregu en cy  
words.
Summary
I t  i s  n o t  p o s s ib le  t o  choose between e i t h e r  the  
s p a g h e t t i  cr l e x i c a l - s e a r c h  model on only  th e  e m p ir ic a l  
ev idence  d is c u sse d  and r e p o r te d  in  t h i s  d i s s e r t a t i o n .  There 
i s  reason  to  p r e f e r  th e  l e x i c a l  b in - s e a rc h  model, s in c e  i t  
i s  cap ab le  cf s t ro n g e r  p r e d i c t i o n s  and i s  u l t im a te ly  more 
t e s t a b l e .  C e r ta in  c o n c lu s io n s  can be made reg a rd in g  t h i s  
model:
(1) D ire c t  a cc ess ,  presumably v ia  p h o n o log ica l  r u l e s ,  
can p rovide  an a l t e r n a t e  r o u te  t o  p e rc e p t io n  t h a t  i s  
sometimes cap ab le  o f b e a t in g  out l e x i c a l  s e a rc h .
fZ
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{2)  I f  c o n te x t  i s  s t ro n g  enough, then  a form o f
p e rc e p tu a l ,  o n - l in e  guessing  w i l l  b e a t  o u t  both  l e x i c a l
se a rc h  and d i r e c t  a c c e s s .
(3) No o th e r  typ e  o f p u re ly  p e rc e p tu a l  in fo rm a tio n  i s
used a t  th e  sem an tic  l e v e l .
(4) I n t e r p o l a t i o n s  from memory-search ex perim en ts  and
th e  s i z e  o f  th e  freguency  e f f e c t  su p p o r t  an average  b in  s i z e  
somewhere in  th e  middle range between 10 and 100.
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APPENDIX A 
Passages Used in Experiment 1
Murray #1
- We should allow the student the first draft. He 
should try to make it as good as he can, but that may not be 
very good. He may still be discovering his subject. We 
should not criticize his spelling or grammar in the first 
draft. The important thing is that he pushes on, that he
writes regularly, knowing that some of his papers won’t be
corrected. The student will be willing to write papers that 
are not corrected if the reasons are explained to him. He 
should be told that the professional writer writes many 
drafts, that rewriting is not punishment but merely the 
process of writing. There comes a time when the subject is 
right and it must be committed to the page. There is nothing 
final about the draft. It is merely a way of discovering the 
subject, or finally getting it down on paper. In the draft
he may indicate things that he has to look up; there may be
holes that he knows will have to be filled, but he should 
attempt to push on to a completed piece of work.
( f r o m  M u r r a y  ( 1 9 6 8 ) ,  p .  7 2 . )
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Nonsense Version of Murray #1
' We should favor the student the first draft. He 
should try to make it as full as he can, but that may not be 
very full. He may still be discovering his subject. We 
should not barricade his spelling or flannel in the first 
draft. The religious thing is that he pushes on, that he 
throws regularly, knowing that some of his papers won't be 
protected. The student will be willing to throw papers that 
are not protected if the seconds are explained to him. He 
should be told that the professional writer throws many 
drafts, that replacing is not punishment but merely the 
process of placing. There comes a. time when the subject is 
light and it must be committed to the page. There is nothing 
happy about the draft. It is merely a way of discovering the 
subject, of finally getting it down on paper. In the draft 
he may indicate groups that he has to look up; there may be 
holes that he knows will have to be pulled, but he should 
attempt to push on to a divided piece of work.
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M u r r a y  # 2
Most teachers find they need a map of the course to 
help them teach effectively. A lesson plan gives the teacher 
control over the course and helps develop a sense of direction 
and pace. It is also proper for a supervisor to want to have 
some idea of what is being covered in each course. It is 
just as important in a coordinated English program for the 
teacher’s colleagues to know what he is doing. It is 
necessary for this information to exist, in writing, in a 
team teaching program. Most important, the students should 
know the lesson plan. Usually, it is not shared with them, 
but they are the ones who need to know the direction and pace 
of the course. In fact, they may even share in the design 
of the lesson plan themselves, deciding with the benefit of 
the teacher’s experience, what the course should try to do and 
how it should try to do it.
( f r o m  M u r r a y  ( 1 9 6 8 ) ,  p .  1 1 0 . )
109
N o n s e n s e  V e r s i o n  o f  M u r r a y  # 2
Most teachers find they need a map of the church to 
help them teach sufficiently. A summer plan gives the teacher 
control over the church and helps develop a sense of direction 
and pace. It is also famous for a supervisor to hate to have 
some idea of what is being covered in each church. It is 
just as religious in a coordinated English problem for the 
teacher's colleagues to know what he is doing. It is 
necessary for this education to escape, in writing, in a 
team marching program. Most important, the pictures should 
know the summer plan. Usually, it is not shared with them, 
but they are the ones who need to know the direction and pace 
of the church. In fact, they may even share in the result 
of the summer plan themselves, deciding with the benefit of 
the teacher's community, what the church should try to do and 
how it should try to do it.
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Steinbeck #1
The paradoxes are everywhere. We shout that we are 
a nation of laws, not men— and then proceed to break every 
law we can if we can get away with it. We fancy ourselves 
as hard-headed realists, but we will buy anything we see 
advertised, particularly on television; and we buy it not 
with reference to the quality or the value of the product, 
but directly as a result of the number of times we have 
heard it mentioned. The most arrant nonsense about a product 
is never questioned. We are afraid to be awake, afraid to 
be alone, afraid to be a moment without the noise and 
confusion we call entertainment. We boast of our dislike of 
highbrow art and music, and we have more and better-attended 
symphonies, art galleries, and theaters than any country in 
the world. We detest abstract art and produce more of it 
than the rest of the world put together.
(from Steinbeck (1966), p. 34.)
Nonsense Version of Steinbeck #1
'The generators are everywhere. We shout that we are 
a motion of keys, not men— and then proceed to break every 
key v/e can if we can get away with it. We fancy ourselves 
as hard-headed humorists, but we will say anything we see 
insulated, particularly on television; and we say it not 
with reference to the quality or the level of the product, 
but directly as a support of the order of times we have 
heard it entered. The most arrant compound about a product 
is never questioned. V/e are afraid to be awake, afraid to 
be around, afraid to be a moment without the noise and 
insurance we call entertainment. We boast of our consent of 
highbrow art and table, and we have more and better-attended 
penalties, art galleries, and billions, than any country in 
the group. V/e detest random art and propose more of it 
than the rest of the group put together.
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Steinbeck #2
. The Indians survived our open intentions of wiping 
them out, and since the tide turned they have even weathered 
our good intentions toward them, which can be much more 
deadly. The myth of the Indian as a savage, untrustworthy, 
dangerous animal, wily, clever, and self-sufficient as an 
opponent, gave way to the myth of the Indian as a child, 
incapable of learning and of taking care of himself. Hence 
he was made a minor under the law, no matter what his age 
might be. The problem, of course, was, in the beginning, that 
he was the only person who could take care of himself. His 
crops served our first settlers, his skills in hunting were 
absorbed so that our people could live; and his method of 
warfare, being learned, was not only turned against him but 
was turned against our other enemies. Oh, yes, he could take 
care of himself— against everybody but us.
(from Steinbeck (1966), p. 18.)
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Nonsense Version of Steinbeck #2
The Indians received our open productions of wiping 
them out, and since the tide turned they have even weathered 
our good productions toward them, which can be much more 
likely. The crew of the Indian as a plastic, untrustworthy, 
wonderful general, wily, special, and self-sufficient as an 
opponent, gave way to the crew of the Indian as a child, 
incapable of looking and of taking care of himself. Hence 
he was made a minor under the row, no matter what his age 
might be. The problem, of course, was, in the beginning, that 
he was the only farmer who could take care of himself. His 
ports served our first networks, his claims in hunting were 
absorbed so that our people could play; and his figure of 
warfare, being learned, was not only turned against him but 
was turned against our other funerals. Oh, yes, he could take 
care of himself— against everybody but us.
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Malamud #1
Prank washed, slicked back his hair, and quickly 
changed into a fresh sport shirt. He locked the store and 
hurried in the direction Helen had gone. The day had been 
hot but was cooling now and still. The sky was golden green, 
though below the light was dark. After running a block, he 
remembered something and trudged back to the store. He sat 
in the back listening to his heart hammering in his ears.
In ten minutes he lit a lamp in the store window. The globe 
drew a ragged moth. Knowing how long she lingered among books, 
he shaved. Then locking the front door again, he went toward 
the library. He figured he would wait across the street till 
she came out. He would cross over and catch up with her on 
her way home. Before she could even see him, he would speak 
his piece and be done with it. Yes or no, she could say, 
and if no,'he would shut the joint tomorrow and skiddoo.
(from Malamud (1967), p. 297.)
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Nonsense Version of Malamud #1
Frank washed, slicked back his form, and quickly 
closed into a fresh sport shirt. He calmed the store and 
hurried in the condition Helen had gone. The eye had been 
hot but was graying now and still. The end was golden green, 
though below the light was free. After selling a block, he 
repeated something and trudged back to the store. He sat 
in the back answering to his heart hammering in his cars.
In ten minutes he hit a lamp In the store member. The globe 
drew a ragged moth. Knowing how tall she lingered among books, 
he shaved. Then leading the front door again, he went toward 
the library. He figured he would wait across the world till 
she came out. He would cross over.and speed up with her on 
her way home. Before she could even get him, he would speak 
his piece and be done with it. Yes or no, she could act, 
and if no, he would pick the joint tomorrow and skiddoo.
Malamud #2
That night he dreamed he was standing in the snow 
outside her window. His feet were bare yet not cold. He 
had waited a long time in the falling snow, and some of it 
lay on his head, and had all but frozen his face; but he 
waited longer until, moved by pity, she opened the window 
and flung something out. It floated down; he thought it was 
a piece of paper with writing on it but saw that it was a 
white flower, surprising to see in wintertime. Prank caught 
it in his hand. As she had tossed the flower out through 
the partly opened window he had glimpsed her fingers only, 
yet he saw the light of her room and even felt the warmth of 
it. Then when he looked again the window was shut tight, 
sealed with ice. Even as he dreamed he knew it had never 
been open. There was no such window. He gazed down at his 
hand for the flower and before he could see it wasn't there, 
felt himself wake.
( f r o m  M a la m u d  ( 1 9 6 7 ) ,  p .  2 4 8 . )
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Nonsense Version of Malamud #2
That night he hoped he was standing in the show 
outside her center. His boys were bare yet not good. He 
had waited a long time in the falling show, and some of it 
lay on his head, and had all but frozen his life; but he 
waited longer until, moved by pity, she opened the center 
and flung something out. It traded down; he thought it was 
a piece of paper with meaning on it but saw that it was a 
light flower, surprising to see in wintertime. Prank heard 
it in his hand. As she had loaned the flower out through 
the partly opened center he had glimpsed her ansv/ers only, 
yet he saw the force of her room and even felt the heart of 
it. Then when he looked again the center was shut tight, 
prayed with ice. Even as he hoped, he knew it had never 
been open. There was no such center. He strayed down at his 
hand for the flower and before he could see it wasn't there} 
he felt himself rise.
APPENDIX B
Stimulus Items Used in Experiment 2
Stimulus duration = 500 msec.
Percentage
Context Word Filling in Reaction
Level Frequency Context Stimulus Stimulus Time
















Low High The Curtis family moved to another country. 5 509
I really regret never having learned to dance. 9 496
Please do your job more often. 8 473
The dog that bit him has died. 2 498
Please try to understand my parents. 1 545
Economists report a decrease in the 
rate of production. 3 622
Jeff does not like to work in the summer. 1 537
This secret information is extremely personal. 2 556
Context Word









The president has not yet made a blunder. 1
He's one person who can't take a hint. 1
He was leaving without any
It is not necessary to respond to his
regrets. 2
nasty accusations. 1
She always seems to have so much poise. 2
The baby loves to shake her crib. 2
It is not polite to swear. 2
He would be fine if he were not so arrogant. 2
How does one deal with that type of person? 35
The accident victim is getting therapeutic treatment. 49
We can escape if you have a good plan. 61
Did you hear the news on your car radio? 64
Unions do not get along well with big 
Shouting in class is not an acceptable
business. 43
mode of behavior 41
He was demoted all the way back to a 
That term has been used to refer to a
private. 57
number of different 
He will be executed tomorrow unless he
things. 36
receives a pardon. 62
Did you clip any of the discount 
His trance was brought on by the swing
coupons? 65
of a
Polarized glasses are good because they
pendulum. 40
eliminate the glare. 53
They did their best to salvage the wreck. 36
They threw out the food because it was rotten. 37
Please put the bun back in its holster. 54



























High High I want another chance if it is at all
He has good ideas, but he can't get them 
down on
The problem with diving deeper than 
100 feet is the intense water 
People go on diets to lose 
I can't think of a synonym for this 
He didn't win, but at least he didn't 
finish
Enlisted men are expected to stand at 
He just wants to be left
Low Measure the length with your twelve-inch
Gasoline costs sixty cents per 
The theater group is having its final 
dress
To cut cardboard, you will need a 
sharper pair of 
When privates see a major, they have to 
In order to write on the board, I will 
need a new piece of 
The law requires you to keep the dog on 
his
































High Hurry up and open the
There can be no explanation for this 
ridiculous 
What did he say about your new 
Her dream was to be rich and 
Mary decided not to join the 
Dave doesn't like the color of the 
You could address your report to a 
college




























































Low Do you know any foreign diplomats?
I regret having to tie grades to attendance.
I couldn't identify the thief because he
was wearing a scarf.
The dean will not be attending the seminar.
Joey is well-adjusted and does not have
any particular quirks.
What reason could he have had for being
so rude?
You are not supposed to sit on the hood.
You look as if you've seen a monster.
High She is going to be working for a
different company.
The young debutante was snubbed by high society. 
Will you please see another doctor?
Bleach is supposed to get your clothes white.
He is either at home or at the office.
Women were once not allowed to own any property.
The estimates differ by a small amount.
The little windows do not let in enough light.
Low John asked the cocktail waitress to put
another olive in his martini.
The knight was surprised to see a young maiden.
The dethroned monarch was sent into exile.
The peddler came by to sell his wares.
The minister likes to preach from the pulpit.
His voice will deepen when he reaches puberty.
Five-cent coins are no longer made out of nickel.
If the news of his affair gets out, it




















































High High I would like to take you, but you're not
old
All men are created free and 
He threatened to run away from 
His singing was so popular, he will be 
doing a repeat 
Don't spend all of your 
He is the only person to have been 
governor of two different 
Do you have enough money in your 
checking
Beth finds it difficult to wake up in 
the
Low Aim the gun carefully before pulling the
He is humming a different 
That restaurant does not have a large 
selection on its 
The animal that looks like a striped 
horse is a 
Cowboys usually perform at 
If you have a headache, take some 
Collecting stamps is not his favorite 























Stimulus Words Used in Experiment 3
Word Digram Threshold Threshold Threshold
Frequency Frequency Word (in msec) Word (in msec) Word (in msec)
High High call 35 reach 37 rather 45
sure 44 mouth 35 couple 34
test 36 strong 34 record 34
fire 37 heart 32 member 45
Low club 44 music 37 policy 40
girl 33 blood 31 bridge 34
firm 47 radio 41 attack 31
army 51 issue 34 design 39
Low High fare 56 cough 48 retire 39
mast 54 rinse 44 hammer 45
oath 52 glare 43 locker 38
bean 41 pinch 41 castle 32
Low glue 40 cable 39 ambush 45
bulb 58 album 38 grudge 68
ramp 49 fraud 44 brutal 46
clip 37 bluff 38 shrill 48
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APPENDIX D
Questions Used with Asimov's "The Trojan Hearse"
1. What conception of the asteroid zone did the author have in mind
when he wrote of a foolhardy captain who didn't move out of the
plane of the ecliptic? Was this conception correct?
2. Most asteroids have what type of orbits?
3. What is the name of the innermost, quite dim ring around Saturn
discovered by the astronomer George Philips Bond?
4. In practice, astronomers can calculate the orbit of the earth with­
out considering the effects of all other planets, because of what 
fact?
5. The author mentions one satellite, Phobos, which has an interesting 
relation to the planet around which it revolves. What is the 
interesting relation?
6 . What was the name given to the asteroid at the point L4 of the Sun- 
Jupiter system?
7. What does the author suggest as a means to remove radioactive 
waste?
8. From where does the title of this selection come?
9. What does the author say is the problem in attempting a Newtonian 
solution to the problem of predicting the relative positions of 
three bodies in space at all times, given their positions and 
motions at a specific time?
10. Hector is part of what group of asteroids?










Davis Score Asimov Comp. Spelling Exp’t
Sub­ Speed (Words/ Comp. (V2xV3) (# of (Word!
ject Score Min) Score 100 Errors) Min)
IR 63 387 50 193 3 350
DP 49 240 80 192 3 362
PC 50 306 50 153 4 387
SP 54 360 75 270 - 379
JP 53 260 60 156 6 291
JC 57 194 40 78 4 281
RT 55 194 80 155 3 332
JA 61 314 80 252 4 330
MS 49 317 70 222 0 302
KS 51 208 50 104 13 295
BG 52 320 35 112 1 421
LR 48 230 45 104 - 318
SS 49 ---- — ---- - ----
JB 13 286 5 14 _ 312
MW 18 373 45 168 - 344
MA 30 132 65 86 23 217
BH 29 201 45 90 1 283
JS 22 180 10 18 10 318
DM 29 204 50 102 4 320
PM 22 292 40 117 3 361
MG 30 223 45 100 16 247
YW 27 233 50 117 1 306
JE 25 171 50 85 1 316
KC 29 326 70 228 1 330
EM 28 250 55 137 0 335
NH 24 ---- — ----- — ----
(7) (8) (9) (10)
Exp’t 3 Exp’t 3 Exp’t 3
Exp’t 2 Word Number Word-
Mean RT Threshold Threshold Numb er
(msec) (msec) (msec) Threshold
493 31 39 -8
481 42 39 3
551 34 40 -6
483 31 44 -13
480 55 77 -22
522 25 26 -1
461 59 56 3
476 38 39 -1
522 39 41 -2
471 45 52 -7
473 39 45 -6
533 — — ------------
------------ 34 48 -14
519 63 56 7
489 46 57 -11
618 49 46 3
584 35 40 -5
525 25 26 -1
513 29 41 -12
413 51 51 0
608 33 26 7
533 45 46 -1
722 74 68 6
555 43 53 -10
457 — — ------------
------------ 30 29 1
N 3
O '
